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1
METHOD AND APPARATUS FOR
EFFICIENTLY TRANSMITTING CONTROL
INFORMATION TO SUPPORT UPLINK
MULTIPLE ANTENNA TRANSMISSION

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/637,978, filed on Sep. 27, 2012, now U.S.
Pat. No. 8,848,600, which is the National Stage filing under
35 U.S.C. 371 of International Application No. PCT/
KR2011/002153, filed on Mar. 29, 2011, which claims the
benefit of earlier filing date and right of priority to Korean
Patent Application No. 10-2011-0028302, filed on Mar. 29,
2011, and also claims the benefit of U.S. Provisional Appli-
cation Nos. 61/318,780, filed on Mar. 29, 2010, 61/325,346,
filed on Apr. 18, 2010, 61/353,663, filed on Jun. 11, 2010,
and 61/359,280, filed on Jun. 28, 2010, the contents of which
are all hereby incorporated by reference herein in their
entirety.

TECHNICAL FIELD

The present invention relates to a wireless communication
system, and more particularly to a method and apparatus for
transmitting efficient control information to support uplink
multiple input multiple output (MIMO) transmission.

BACKGROUND ART

A Multiple Input Multiple Output (MIMO) scheme refers
to a scheme for improving data transmission/reception effi-
ciency using multiple transmit antennas and multiple receive
antennas, unlike a scheme using one transmit antenna and
one receive antenna. That is, a transmitter or a receiver of a
wireless communication system uses multiple antennas so as
to increase capacity or improve performance. The MIMO
scheme may be called a multiple antenna technique.

In the multiple antenna transmission technique, there are
a single codeword (SCW) scheme for simultaneously trans-
mitting N data streams using one channel encoding block
and a multiple codeword (MCW) scheme for transmitting N
data streams using M (here, M is always equal to or less than
N) channel encoding blocks. At this time, each channel
encoding block generates an independent codeword and
each codeword is designed to facilitate independent error
detection.

In a system for transmitting multiple codewords, a
receiver needs to inform a transmitter of success/failure of
detection (decoding) of each codeword. Thus, the receiver
may transmit a hybrid automatic repeat request (HARQ)
ACK/NACK signal for each codeword to the transmitter.

In case of uplink data transmission through a single
antenna, single codeword (SCW) transmission can be sup-
ported. In addition, a synchronous HARQ scheme can be
applied to single antenna uplink transmission, and an adap-
tive or non-adaptive HARQ scheme can be utilized accord-
ing to whether a modulation and coding scheme (MCS) is
changed during retransmission.

DISCLOSURE
Technical Problem

Accordingly, the present invention is directed to a method
and apparatus for transmitting efficient control information
to support uplink MIMO transmission, that substantially
obviate one or more problems due to limitations and disad-
vantages of the related art.
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Since the legacy 3GPP LTE system defines only HARQ
operations for uplink single codeword transmission of a UE
including a single antenna, there is a need to define not only
HARQ operations for uplink MCW transmission and
retransmission of a UE including multiple antennas, but also
a method for constructing control information capable of
supporting the HARQ operations.

An object of the present invention is to provide a method
and apparatus for providing control information that is
capable of efficiently and correctly supporting uplink MIMO
transmission. In more detail, in association with HARQ
operations for uplink MCW transmission, the present inven-
tion provides a method for constructing control information
on a Physical Hybrid-automatic repeat request (ARQ) Indi-
cator CHannel (PHICH), a method for selecting a precoder,
a method for selecting PHICH resources, a method for
selecting a demodulation reference signal (DMRS), a
method for performing UE HARQ operations through a
PHICH and a physical downlink control channel (PDCCH),
and a method for constructing downlink control information
(DCI) on a PDCCH.

It will be appreciated by persons skilled in the art that the
objects that can be achieved through the present invention
are not limited to what has been particularly described
hereinabove and the above and other objects that the present
invention can achieve will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings.

Technical Solution

The object of the present invention can be achieved by
providing a method for transmitting control information of
uplink (UL) MIMO (Multiple Input Multiple Output) trans-
mission by a base station (BS), the method including trans-
mitting downlink control information (DCI) scheduling UL
transmission of a plurality of transport blocks to a user
equipment (UE) through a physical downlink control chan-
nel (PDCCH); receiving the plurality of transport blocks
scheduled by the DCI from the user equipment (UE);
transmitting information indicating acknowledgement
(ACK) or negative acknowledgement (NACK) of each of
the received transport blocks to the user equipment (UE)
through a physical hybrid-automatic repeat request indicator
channel (PHICH); and receiving retransmission of a trans-
port block indicating NACK from the user equipment (UE),
wherein, if the number of NACK transport blocks is differ-
ent from the number of a plurality of transport blocks
indicated by the PDCCH, a precoding matrix for the same
number of transmission layers as the number of layers
corresponding to the NACK transport block is used in the
retransmission.

In another aspect of the present invention, a method for
performing uplink (UL) MIMO (Multiple Input Multiple
Output) transmission by a user equipment (UE) includes
receiving downlink control information (DCI) scheduling
UL transmission of a plurality of transport blocks from a
base station (BS) through a physical downlink control
channel (PDCCH); transmitting the plurality of transport
blocks (TBs) scheduled by the DCI to the base station (BS);
receiving information indicating acknowledgement (ACK)
or negative acknowledgement (NACK) of each of the trans-
mitted transport blocks from the base station (BS) through a
physical hybrid-automatic repeat request indicator channel
(PHICH); and transmitting retransmission of a transport
block indicating NACK to the base station (BS), wherein, if
the number of NACK transport blocks is different from the
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number of a plurality of transport blocks indicated by the
PDCCH, a precoding matrix for the same number of trans-
mission layers as the number of layers corresponding to the
NACK transport block is used in the retransmission.

In another aspect of the present invention, a base station
(BS) for transmitting control information of uplink (UL)
MIMO (Multiple Input Multiple Output) transmission
includes a reception module for receiving an uplink signal
from a user equipment (UE); a transmission module for
transmitting a downlink signal to the user equipment (UE);
and a processor for controlling the base station (BS) includ-
ing the reception module and the transmission module,
wherein the processor enables the transmission module to
transmit downlink control information (DCI) scheduling UL
transmission of a plurality of transport blocks to a user
equipment (UE) through a physical downlink control chan-
nel (PDCCH), enables the reception module to receive the
plurality of transport blocks scheduled by the DCI from the
user equipment (UE), enables the transmission module to
transmit information indicating acknowledgement (ACK) or
negative acknowledgement (NACK) of each of the received
transport blocks to the user equipment (UE) through a
physical hybrid-automatic repeat request indicator channel
(PHICH), and enables the reception module to receive
retransmission of a transport block indicating NACK from
the user equipment (UE), wherein, if the number of NACK
transport blocks is different from the number of a plurality
of transport blocks indicated by the PDCCH, a precoding
matrix for the same number of transmission layers as the
number of layers corresponding to the NACK transport
block is used in the retransmission.

In another aspect of the present invention, a user equip-
ment (UE) for performing uplink (UL) MIMO (Multiple
Input Multiple Output) transmission includes a reception
module for receiving a downlink signal from a base station
(BS); a transmission module for transmitting an uplink
signal to the base station (BS); and a processor for control-
ling the user equipment (UE) including the reception module
and the transmission module, wherein the processor enables
the reception module to receive downlink control informa-
tion (DCI) scheduling UL transmission of a plurality of
transport blocks from the base station (BS) through a
physical downlink control channel (PDCCH), enables the
transmission module to transmit the plurality of transport
blocks (TBs) scheduled by the DCI to the base station (BS),
enables the reception module to receive information indi-
cating acknowledgement (ACK) or negative acknowledge-
ment (NACK) of each of the transmitted transport blocks
from the base station (BS) through a physical hybrid-
automatic repeat request indicator channel (PHICH), and
enables the transmission module to transmit retransmission
of a transport block indicating NACK to the base station
(BS), wherein, if the number of NACK transport blocks is
different from the number of a plurality of transport blocks
indicated by the PDCCH, a precoding matrix for the same
number of transmission layers as the number of layers
corresponding to the NACK transport block is used in the
retransmission.

The following contents can be commonly applied to the
above-mentioned embodiments.

The retransmission may be carried out if a PDCCH is not
detected in a downlink subframe in which the UE detects the
PHICH.

The precoding matrix may be a specific precoding matrix
for the same number of transmission layers as the number of
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layers corresponding to the NACK transport block, from
among a plurality of precoding matrices indicated by the
most recent PDCCH.

A subframe performing the retransmission at the UE may
be a fourth subframe starting from a subframe in which the
UE receives the PHICH.

One PHICH resource may be allocated to one transport
block (TB).

One transport block (TB) may be mapped to a single
codeword, and the single codeword is mapped to one or two
layers.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

Advantageous Effects

Exemplary embodiments of the present invention have the
following effects. The embodiments of the present invention
can construct control information capable of supporting the
HARQ operation for uplink MIMO transmission and the
MCW transmission operation, etc., such that the uplink
MIMO transmission can be correctly and efficiently per-
formed. In more detail, in association with HARQ opera-
tions for uplink MCW transmission, the present invention
provides a method for constructing control information on a
Physical Hybrid-automatic repeat request (ARQ) Indicator
CHannel (PHICH), a method for selecting a precoder, a
method for selecting PHICH rsources, a method for select-
ing a demodulation reference signal (DMRS), a method for
performing UE HARQ operations through a PHICH and a
physical downlink control channel (PDCCH), and a method
for constructing downlink control information (DCI) on a
PDCCH.

It will be appreciated by persons skilled in the art that the
effects that can be achieved through the present invention are
not limited to what has been particularly described herein-
above and other advantages of the present invention will be
more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

FIG. 1 is a diagram showing the structure of a downlink
radio frame.

FIG. 2 is a diagram showing an example of a resource grid
in one downlink slot.

FIG. 3 is a diagram showing the structure of a downlink
subframe.

FIG. 4 is a diagram showing the structure of an uplink
frame.

FIG. 5 is a diagram showing the configuration of a
wireless communication system having multiple antennas.

FIG. 6 is a conceptual diagram illustrating codebook-
based precoding.

FIG. 7 is a conceptual diagram illustrating an SC-FDMA
transmission scheme and an OFDMA transmission scheme.

FIG. 8 is a block diagram illustrating MIMO transmission
based on uplink multiple codewords.
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FIG. 9 is a conceptual diagram illustrating uplink MIMO
transmission using a precoder subset.

FIG. 10 is a flowchart illustrating uplink MIMO trans-
mission and reception methods according to embodiments of
the present invention.

FIG. 11 is a block diagram illustrating a base station (BS)
and a user equipment (BS) applicable to embodiments of the
present invention.

BEST MODE

The following embodiments are proposed by combining
constituent components and characteristics of the present
invention according to a predetermined format. The indi-
vidual constituent components or characteristics should be
considered to be optional factors on the condition that there
is no additional remark. If required, the individual constitu-
ent components or characteristics may not be combined with
other components or characteristics. Also, some constituent
components and/or characteristics may be combined to
implement the embodiments of the present invention. The
order of operations to be disclosed in the embodiments of the
present invention may be changed to another. Some com-
ponents or characteristics of any embodiment may also be
included in other embodiments, or may be replaced with
those of the other embodiments as necessary.

The embodiments of the present invention are disclosed
on the basis of a data communication relationship between
a base station and a terminal. In this case, the base station is
used as a terminal node of a network via which the base
station can directly communicate with the terminal. Specific
operations to be conducted by the base station in the present
invention may also be conducted by an upper node of the
base station as necessary.

In other words, it will be obvious to those skilled in the
art that various operations for enabling the base station to
communicate with the terminal in a network composed of
several network nodes including the base station will be
conducted by the base station or other network nodes other
than the base station. The term “Base Station (BS)” may be
replaced with a fixed station, Node-B, eNode-B (eNB), or an
access point as necessary. The term “relay” may be replaced
with a Relay Node (RN) or a Relay Station (RS). The term
“terminal” may also be replaced with a User Equipment
(UE), a Mobile Station (MS), a Mobile Subscriber Station
(MSS) or a Subscriber Station (SS) as necessary. While the
following description exemplarily uses a UE or a relay node
(RN) as an uplink transmission entity and exemplarily uses
a BS (eNB) or RN as an uplink reception entity, the scope
or spirit of the present invention is not limited thereto.
Similarly, the downlink transmission entity may be a BS or
RN and the downlink reception entity may be a UE or RN.
In other words, uplink transmission may indicate transmis-
sion from the UE to the BS, transmission from the UE to the
RN, or transmission from the RN to the BS. Similarly,
downlink transmission may indicate transmission from the
BS to the UE, transmission from the BS to the RN, or
transmission from the RN to the UE.

It should be noted that specific terms disclosed in the
present invention are proposed for the convenience of
description and better understanding of the present inven-
tion, and the use of these specific terms may be changed to
another format within the technical scope or spirit of the
present invention.

In some instances, well-known structures and devices are
omitted in order to avoid obscuring the concepts of the
present invention and the important functions of the struc-
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tures and devices are shown in block diagram form. The
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts.

Exemplary embodiments of the present invention are
supported by standard documents disclosed for at least one
of wireless access systems including an Institute of Electri-
cal and Electronics Engineers (IEEE) 802 system, a 3’7
Generation Project Partnership (3GPP) system, a 3GPP
Long Term Evolution (LTE) system, an [TE-Advanced
(LTE-A) system, and a 3GPP2 system. In particular, the
steps or parts, which are not described to clearly reveal the
technical idea of the present invention, in the embodiments
of the present invention may be supported by the above
documents. All terminology used herein may be supported
by at least one of the above-mentioned documents.

The following embodiments of the present invention can
be applied to a variety of wireless access technologies, for
example, CDMA (Code Division Multiple Access), FDMA
(Frequency Division Multiple Access), TDMA (Time Divi-
sion Multiple Access), OFDMA (Orthogonal Frequency
Division Multiple Access), SC-FDMA (Single Carrier Fre-
quency Division Multiple Access), and the like. The CDMA
may be embodied with wireless (or radio) technology such
as UTRA (Universal Terrestrial Radio Access) or
CDMA2000. The TDMA may be embodied with wireless
(or radio) technology such as GSM (Global System for
Mobile communications)/GPRS (General Packet Radio Ser-
vice)/EDGE (Enhanced Data Rates for GSM Evolution).
The OFDMA may be embodied with wireless (or radio)
technology such as Institute of Electrical and Electronics
Engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX),
IEEE 802-20, and E-UTRA (Evolved UTRA). The UTRA is
a part of the UMTS (Universal Mobile Telecommunications
System). The 3GPP (3rd Generation Partnership Project)
LTE (long term evolution) is a part of the E-UMTS (Evolved
UMTS), which uses E-UTRA. The 3GPP LTE employs the
OFDMA in downlink and employs the SC-FDMA in uplink.
The LTE-Advanced (LTE-A) is an evolved version of the
3GPP LTE. WiMAX can be explained by an IEEE 802.16e
(WirelessMAN-OFDMA  Reference System) and an
advanced IEEE  802.16m  (WirelessMAN-OFDMA
Advanced System). For clarity, the following description
focuses on the 3GPP LTE and 3GPP LTE-A system. How-
ever, technical features of the present invention are not
limited thereto.

FIG. 1 exemplarily shows a radio frame structure for use
in a 3rd Generation Partnership Project Long Term Evolu-
tion (3GPP LTE) system. A downlink (DL) radio frame
structure will hereinafter be described with reference to FIG.
1.

In a cellular Orthogonal Frequency Division Multiplexing
(OFDM) radio packet communication system, uplink/down-
link data packet transmission is performed in subframe
units. One subframe is defined as a predetermined time
interval including a plurality of OFDM symbols. The 3GPP
LTE standard supports a type 1 radio frame structure appli-
cable to Frequency Division Duplex (FDD) and a type 2
radio frame structure applicable to Time Division Duplexing
(TDD).

FIG. 1(a) is a diagram showing the structure of the type
1 radio frame. A downlink radio frame includes 10 sub-
frames, and one subframe includes two slots in a time
region. A time required for transmitting one subframe is
defined in a Transmission Time Interval (TTT). For example,
one subframe may have a length of 1 ms and one slot may
have a length of 0.5 ms. One slot may include a plurality of
OFDM symbols in a time region and include a plurality of
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Resource Blocks (RBs) in a frequency region. Since the
3GPP LTE system uses OFDMA in downlink, the OFDM
symbol indicates one symbol duration. The OFDM symbol
may be called an SC-FDMA symbol or a symbol duration.
RB is a resource allocation unit and includes a plurality of
contiguous carriers in one slot.

The number of OFDM symbols included in one slot may
be changed according to the configuration of a Cyclic Prefix
(CP). The CP includes an extended CP and a normal CP. For
example, if the OFDM symbols are configured by the
normal CP, the number of OFDM symbols included in one
slot may be seven. If the OFDM symbols are configured by
the extended CP, the length of one OFDM symbol is
increased, the number of OFDM symbols included in one
slot is less than that of the case of the normal CP. In case of
the extended CP, for example, the number of OFDM sym-
bols included in one slot may be six. If the channel state is
unstable, for example, if a User Equipment (UE) moves at
a high speed, the extended CP may be used in order to
further reduce interference between symbols.

In case of using the normal CP, since one slot includes
seven OFDM symbols, one subframe includes 14 OFDM
symbols. At this time, the first two or three OFDM symbols
of each subframe may be allocated to a Physical Downlink
Control Channel (PDCCH) and the remaining OFDM sym-
bols may be allocated to a Physical Downlink Shared
Channel (PDCCH).

The structure of a type 2 radio frame is shown in FIG.
1(5). The type 2 radio frame includes two half-frames, each
of' which is made up of five subframes, a downlink pilot time
slot (DWPTS), a guard period (GP), and an uplink pilot time
slot (UpPTS), in which one subframe consists of two slots.
That is, one subframe is composed of two slots irrespective
of the radio frame type. DwPTS is used to perform initial
cell search, synchronization, or channel estimation. UpPTS
is used to perform channel estimation of a base station and
uplink transmission synchronization of a user equipment
(UE). The guard interval (GP) is located between an uplink
and a downlink so as to remove interference generated in the
uplink due to multi-path delay of a downlink signal. That is,
one subframe is composed of two slots irrespective of the
radio frame type.

The structure of the radio frame is only exemplary.
Accordingly, the number of subframes included in the radio
frame, the number of slots included in the subframe or the
number of symbols included in the slot may be changed in
various manners.

FIG. 2 is a diagram showing an example of a resource grid
in one downlink slot. OFDM symbols are configured by the
normal CP. Referring to FIG. 2, the downlink slot includes
a plurality of OFDM symbols in a time region and includes
a plurality of RBs in a frequency region. Although one
downlink slot includes seven OFDM symbols and one RB
includes 12 subcarriers, the present invention is not limited
thereto. Each element of the resource grid is referred to as
a Resource Element (RE). For example, a RE a(k]) is
located at a k-th subcarrier and an 1-th OFDM symbol. In
case of the normal CP, one RB includes 12x7 REs (in case
of the extended CP, one RB includes 12x6 REs). Since a
distance between subcarriers is 15 kHz, one RB includes
about 180 kHz in the frequency region. N®* denotes the
number of RBs included in the downlink slot. The N”* is
determined based on downlink transmission bandwidth set
by scheduling of a base station (BS).

FIG. 3 is a diagram showing the structure of a downlink
subframe. A maximum of three OFDM symbols of a front
portion of a first slot within one subframe corresponds to a
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control region to which a control channel is allocated. The
remaining OFDM symbols correspond to a data region to
which a Physical Downlink Shared Channel (PDSCH) is
allocated. The basic unit of transmission becomes one
subframe. That is, a PDCCH and a PDSCH are allocated to
two slots. Examples of the downlink control channels used
in the 3GPP LTE system include, for example, a Physical
Control Format Indicator Channel (PCFICH), a Physical
Downlink Control Channel (PDCCH), a Physical Hybrid
automatic repeat request Indicator Channel (PHICH), etc.
The PCFICH is transmitted at a first OFDM symbol of a
subframe, and includes information about the number of
OFDM symbols used to transmit the control channel in the
subframe. The PHICH includes a HARQ ACK/NACK sig-
nal as a response of uplink transmission. The control infor-
mation transmitted through the PDCCH is referred to as
Downlink Control Information (DCI). The DCI includes
uplink or downlink scheduling information or an uplink
transmit power control command for a certain UE group.
The PDCCH may include resource allocation and transmis-
sion format of a Downlink Shared Channel (DL-SCH),
resource allocation information of an Uplink Shared Chan-
nel (UL-SCH), paging information of a Paging Channel
(PCH), system information on the DL-SCH, resource allo-
cation of an higher layer control message such as a Random
Access Response (RAR) transmitted on the PDSCH, a set of
transmit power control commands for individual UEs in a
certain UE group, transmit power control information, acti-
vation of Voice over IP (VoIP), etc. A plurality of PDCCHs
may be transmitted within the control region. The UE may
monitor the plurality of PDCCHs. The PDCCHs are trans-
mitted on an aggregation of one or several contiguous
control channel elements (CCEs). The CCE is a logical
allocation unit used to provide the PDCCHs at a coding rate
based on the state of a radio channel. The CCE corresponds
to a plurality of resource element groups. The format of the
PDCCH and the number of available bits are determined
based on a correlation between the number of CCEs and the
coding rate provided by the CCEs. The base station deter-
mines a PDCCH format according to a DCI to be transmitted
to the UE, and attaches a Cyclic Redundancy Check (CRC)
to control information. The CRC is masked with a Radio
Network Temporary Identifier (RNTI) according to an
owner or usage of the PDCCH. If the PDCCH is for a
specific UE, a cell-RNTI (C-RNTI) of the UE may be
masked to the CRC. Alternatively, if the PDCCH is for a
paging message, a paging indicator identifier P-RNTT) may
be masked to the CRC. If the PDCCH is for system
information (more specifically, a system information block
(SIB)), a system information identifier and a system infor-
mation RNTI (SI-RNTI) may be masked to the CRC. To
indicate a random access response that is a response for
transmission of a random access preamble of the UE, a
random access-RNTI (RA-RNTI) may be masked to the
CRC.

FIG. 4 is a diagram showing the structure of an uplink
frame. The uplink subframe may be divided into a control
region and a data region in a frequency region. A Physical
Uplink Control Channel (PUCCH) including uplink control
information is allocated to the control region. A Physical
uplink Shared Channel (PUSCH) including user data is
allocated to the data region. In order to maintain single
carrier characteristics, one UE does not simultaneously
transmit the PUCCH and the PUSCH. The PUCCH for one
UE is allocated to a RB pair in a subframe. RBs belonging
to the RB pair occupy different subcarriers with respect to
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two slots. Thus, the RB pair allocated to the PUCCH is
“frequency-hopped” at a slot edge.

Carrier Aggregation

Although downlink and uplink bandwidths are different,
a wireless communication system typically uses one carrier.
For example, a wireless communication system having one
carrier for each of the downlink and the uplink and sym-
metry between the downlink and uplink bandwidths may be
provided based on a single carrier.

The International Telecommunication Union (ITU)
requests that IMT-Advanced candidates support wider band-
widths, compared to legacy wireless communication sys-
tems. However, allocation of a wide frequency bandwidth is
difficult throughout most of the world. Accordingly, a tech-
nology for efficiently using small segmented bands, known
as carrier aggregation (bandwidth aggregation) or spectrum
aggregation, has been developed in order to aggregate a
plurality of physical bands to a logical wider band.

Carrier aggregation was introduced to support increased
throughput, prevent a cost increase caused by introduction
of wideband RF devices, and ensure compatibility with
legacy systems. Carrier aggregation enables data exchange
between a UE and an eNB through a group of carriers each
having a bandwidth unit defined in a legacy wireless com-
munication system (e.g. 3GPP LTE Release-8 or Release-9
in case of 3GPP LTE-A). The carriers each having a band-
width unit defined in the legacy wireless communication
system may be called Component Carriers (CCs) or cells.
Carrier aggregation using one or more cells (or CCs) may be
applied to each of the downlink and the uplink. Although
one cell (or one CC) supports a bandwidth of 5 MHz, 10
MHz or 20 MHz, carrier aggregation may support a system
bandwidth of up to 100 MHz by aggregating up to five cells
(or five CCs) each having a bandwidth of 5 MHz, 10 MHz
or 20 MHz.

Modeling of Multi-Input Multi-Output (MIMO) System

An MIMO system improves data transmission/reception
efficiency using multiple transmit antennas and multiple
receive antennas. In the MIMO technology, a single antenna
path is not used to receive a whole message, that is, whole
data may be received by combining a plurality of pieces of
data received through a plurality of antennas.

FIG. 5 is a diagram showing the configuration of a
wireless communication system having multiple antennas.
As shown in FIG. 5(a), if the number of transmit antennas
is increased to N, and the number of receive antennas is
increased to Ny, a theoretical channel transmission capacity
is increased in proportion to the number of antennas, unlike
the case where a plurality of antennas is used in only a
transmitter or a receiver. Accordingly, it is possible to
improve a transfer rate and to remarkably improve fre-
quency efficiency. As the channel transmission capacity is
increased, the transfer rate may be theoretically increased by
a product of a maximum transfer rate R, upon utilization of
a single antenna and a rate increase ratio R,.

R=min(N;Ng) [Equation 1]

For example, in an MIMO system using four transmit
antennas and four receive antennas, it is possible to theo-
retically acquire a transfer rate which is four times that of a
single antenna system. After the increase in the theoretical
capacity of the MIMO system was proved in the mid-1990s,
various technologies of substantially improving a data trans-
fer rate have been actively developed up to now. In addition,
several technologies are already applied to the various radio
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communication standards such as the third-generation
mobile communication and the next-generation wireless
local area network (LLAN).

According to the researches into the MIMO antenna up to
now, various researches such as researches into information
theory related to the computation of the communication
capacity of a MIMO antenna in various channel environ-
ments and multiple access environments, researches into the
model and the measurement of the radio channels of the
MIMO system, and researches into space-time signal pro-
cessing technologies of improving transmission reliability
and transmission rate have been actively conducted.

The communication method of the MIMO system will be
described in more detail using mathematical modeling. In
the above system, it is assumed that N, transmit antennas
and N, receive antennas are present.

In transmitted signals, if the N, transmit antennas are
present, the number of pieces of maximally transmittable
information is N, The transmitted information may be
expressed as follows.

s=spsa -, SNTJT [Equation 2]

The transmitted information S, S,, . . ., S,, may have
different transmit powers. If the respective transmit powers
are P;, P,, . . ., Py, the transmitted information with
adjusted powers may be expressed as follows.

§=[8,,%, . . ., Sy =[P 151.Poss, - . ., Py sagl” [Equation 3]

In addition, § may be expressed using a diagonal matrix
P of the transmit powers as follows.

[Equation 4]

Considers that the N, actually transmitted signals x,,
Xy . . .5 Xy, are configured by applying a weight matrix W
to the information vector S with the adjusted transmit
powers. The weight matrix W serves to appropriately dis-
tribute the transmitted information to each antenna accord-

ing to a transport channel state, etc. X;, X,, . . . , X)y, may be
expressed by using the vector X as follows.
[Equation 5]
X Wi Wiz wivy [ 51
X2 Wi Wn wany || 32
x= = . | =Ws=WPs
Xi Wit Wiz WiNp S
*Np WNpL Whpz o Wnpng || Snp

In Bquation 5, W, denotes a weight between an i-th
transmit antenna and j-th information. W is also called a
precoding matrix.

The transmitted signal x may be differently processed
using according to two schemes (for example, spatial diver-
sity scheme and spatial multiplexing scheme). In case of the
spatial multiplexing scheme, different signals are multi-
plexed and the multiplexed signal is transmitted to a receiver
such that elements of information vector(s) have different
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values. In case of the spatial diversity scheme, the same
signal is repeatedly transmitted through a plurality of chan-
nel paths such that elements of information vector(s) have
the same value. A combination of the spatial multiplexing
scheme and the spatial diversity scheme may be considered.
That is, the same signal may be, for example, transmitted
through three transmit antennas according to the spatial
diversity scheme and the remaining signals may be trans-
mitted to the receiver using the spatial multiplexing scheme.
If the N receive antennas are present, respective received
signals y;, ¥», . . . , ¥, Of the antennas are expressed as
follows.
]T

Y=uya - YN [Equation 6]

If channels are modeled in the MIMO radio communica-
tion system, the channels may be distinguished according to
transmit/receive antenna indexes. A channel from the trans-
mit antenna j to the receive antenna i is denoted by h,;. In h,,,
it is noted that the indexes of the receive antennas precede
the indexes of the transmit antennas in view of the order of
indexes.

FIG. 5(b) is a diagram showing channels from the N,
transmit antennas to the receive antenna i. The channels may
be combined and expressed in the form of a vector and a
matrix. In FIG. 5(4), the channels from the N, transmit
antennas to the receive antenna i may be expressed as
follows.

[Equation 7]

Accordingly, all the channels from the N, transmit anten-
nas to the N receive antennas may be expressed as follows.

r .
W o hn hiny [Equation 8]
K My Iony

PR
hy hiy o ki hing
i hngt hnge oo hngng

An Additive White Gaussian Noise (AWGN) is added to
the actual channels after a channel matrix H. The AWGN n,,
0, ..., n, added to the N, transmit antennas may be
expressed as follows.

[Equation 9]

Through the above-described mathematical modeling, the
received signals may be expressed as follows.

[Equation 10]

v hu o hie vy [ n
Y2 T havy || %2 ny
y= = + =Hx+n
Vi o hp hing || X m;
e ] gt hge o By |L3nr | L

The number of rows and columns of the channel matrix H
indicating the channel state is determined by the number of
transmit and receive antennas. The number of rows of the
channel matrix H is equal to the number N of receive
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antennas and the number of columns thereof is equal to the
number N of transmit antennas. That is, the channel matrix
H is an N xN, matrix.

The rank of the matrix is defined by the smaller of the
number of rows or columns, which are independent of each
other. Accordingly, the rank of the matrix is not greater than
the number of rows or columns. The rank rank(H) of the
channel matrix H is restricted as follows.

rank(H)=min(N;Ng) [Equation 11]

In MIMO transmission, the term ‘“rank” denotes the
number of paths for independently transmitting signals, and
the term “number of layers” denotes the number of signal
streams transmitted through each path. In general, since a
transmitter transmits layers corresponding in number to the
number of ranks used for signal transmission, rank has the
same meaning as the number of layers unless otherwise
noted.

In association with the above-mentioned MIMO trans-
mission techniques, the codebook-based precoding method
will hereinafter be described with reference to FIG. 6. FIG.
6 is a conceptual diagram illustrating codebook-based pre-
coding.

In accordance with the codebook-based precoding
scheme, a transceiver may share codebook information
including a predetermined number of precoding matrices
according to a transmission rank, the number of antennas,
etc. That is, if feedback information is infinite, the precod-
ing-based codebook scheme may be used. The receiver
measures a channel status through a reception signal, so that
an infinite number of preferred precoding matrix informa-
tion (i.e., an index of the corresponding precoding matrix)
may be fed back to the transmitter on the basis of the
above-mentioned codebook information. For example, the
receiver may select an optimum precoding matrix by mea-
suring an ML, (Maximum Likelihood) or MMSE (Minimum
Mean Square Error) scheme. Although the receiver shown in
FIG. 6 transmits precoding matrix information for each
codeword to the transmitter, the scope or spirit of the present
invention is not limited thereto.

Upon receiving feedback information from the receiver,
the transmitter may select a specific precoding matrix from
a codebook on the basis of the received information. The
transmitter that has selected the precoding matrix performs
a precoding operation by multiplying the selected precoding
matrix by as many layer signals as the number of transmis-
sion ranks, and may transmit each precoded Tx signal over
a plurality of antennas.

If the receiver receives the precoded signal from the
transmitter as an input, it performs inverse processing of the
precoding having been conducted in the transmitter so that
it can recover the reception (Rx) signal. Generally, the
precoding matrix satisfies a unitary matrix (U) such as
(U*¥U#=I), so that the inverse processing of the above-
mentioned precoding may be conducted by multiplying a
Hermitian matrix (P?) of the precoding matrix H used in
precoding of the transmitter by the reception (Rx) signal.

SC-FDMA Transmission and OFDMA Transmission

FIG. 7 is a conceptual diagram illustrating an SC-FDMA
transmission scheme and an OFDMA transmission scheme
for use in a mobile communication system. The SC-FDMA
transmission scheme may be used for UL transmission and
the OFDMA transmission scheme may be used for DL
transmission.

Each of the UL signal transmission entity (e.g., UE) and
the DL signal transmission entity (e.g., eNB) may include a
Serial-to-Parallel (S/P) Converter 701, a subcarrier mapper
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703, an M-point Inverse Discrete Fourier Transform (IDFT)
module 704, and a Parallel-to-Serial Converter 705. Each
input signal that is input to the S/P converter 701 may be a
channel coded and modulated data symbol. However, a user
equipment (UE) for transmitting signals according to the
SC-FDMA scheme may further include an N-point Discrete
Fourier Transform (DFT) module 702. The influence of
IDFT processing of the M-point IDFT module 704 is con-
siderably offset, such that a transmission signal may be
designed to have a single carrier property. That is, the DFT
module 702 performs DFT spreading of an input data
symbol such that single carrier property requisite for UL
transmission may be satisfied. The SC-FDMA transmission
scheme basically provides good or superior Peak to Average
Power ratio (PAPR) or Cubic Metric (CM), such that the UL
transmitter can more effectively transmit data or information
even in the case of the power limitation situation, resulting
in an increase in user throughput.

Hybrid Automatic Repeat Request (HARQ)

As a control method of data reception failure, the follow-
ing HARQ operation may be applied. A data transmitter may
transmit a new packet if an ACK signal is received from a
receiver and retransmit the transmitted packet if a NACK
signal is received, after transmitting one packet. At this time,
the packet subjected to coding with forward error correction
(FEC) may be retransmitted. Accordingly, the data receiver
receives and decodes one packet, transmits an ACK signal if
decoding is successfully performed, transmits a NACK
signal if decoding fails, and stores the received packet in a
buffer. If the data receiver receives the retransmitted packet
due to the NACK signal, the data receiver decodes the
retransmitted packet in association with the packet stored in
the buffer, thereby increasing a packet reception success
rate.

The HARQ scheme may be divided into a synchronous
HARQ scheme and an asynchronous HARQ scheme accord-
ing to retransmission timing. In the synchronous HARQ
scheme, if initial transmission fails, subsequent retransmis-
sion is performed at a predetermined time set by a system.
For example, if retransmission is set to be performed in
every fourth time unit after initial transmission fails, infor-
mation about a retransmission time does not need to be
signaled to the receiver. Accordingly, if the data transmitter
receives the NACK signal, the packet is retransmitted in
every fourth time unit until the ACK signal is received.
According to the asynchronous HARQ scheme, information
about a retransmission time is separately scheduled. Accord-
ingly, the retransmission time of the packet corresponding to
the NACK signal may be changed according to various
factors such as channel state.

The HARQ scheme may be divided into an adaptive
HARQ scheme and a non-adaptive HARQ scheme depend-
ing on whether the amount of resources used for retrans-
mission is set according to channel state. In the non-adaptive
scheme, a packet modulation scheme, the number of used
RBs, etc., which are used upon retransmission, are set in
advance upon initial transmission. For example, if a trans-
mitter transmits data using eight RBs upon initial transmis-
sion, the transmitter also retransmits data using eight RBs
even upon retransmission. In contrast, in the adaptive
scheme, the packet modulation scheme, the number of used
RBs, etc. may be changed according to channel state. For
example, even when data is transmitted using eight RBs
upon initial transmission, retransmission may be performed
using fewer or more than eight RBs according to channel
state.
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A synchronous HARQ scheme is applicable to uplink data
transmission of a UE having a single antenna. A HARQ
ACK/NACK signal for uplink data transmission is indicated
via a PHICH or a PDCCH among downlink control chan-
nels. The non-adaptive HARQ scheme may be performed if
the PHICH is used and the adaptive HARQ scheme may be
performed if the PDCCH is used.

The PHICH is used to transmit 1-bit ACK/NACK infor-
mation, bit state 0 means ACK and bit state 1 means NACK.
The 1-bit information is modulated using a binary phase
shift keying (BPSK) scheme. The non-adaptive scheme is
performed if the PHICH is used and a redundancy version
(RV) may be changed according to a predetermined pattern.

The PDCCH is a channel including control information
for uplink/downlink data transmission. A UE may acquire
uplink control information so as to perform uplink data
transmission. Downlink control information (DCI) for
scheduling uplink transmission may be referred to as uplink
(UL) grant. Such control information may include resource
allocation information, a modulation and coding scheme
(MCS) level, a new data indicator (NDI), power control
information, etc. The NDI has a size of 1 bit and has a bit
state different from a previous NDI bit state if new data is to
be transmitted. That is, the NDI value is toggled. In case of
retransmission, control information having the same bit state
as the NDI bit of previous control is transmitted. That is, the
NDI value is not toggled. Since the MCS is indicated
through the PDCCH, an adaptive HARQ scheme is possible.

In the 3GPP LTE system, an uplink HARQ scheme is
defined as a synchronous HARQ scheme and a maximum
number of retransmissions is configured per UE. A downlink
ACK/NACK signal responding to uplink transmission/re-
transmission is transmitted on a PHICH. An uplink HARQ
operation follows the following rules.

1) If a PDCCH indicating a C-RNTI of a UE is accurately
received regardless of content of HARQ feedback (ACK or
NACK), a UE may perform an operation indicated by the
PDCCH, that is, transmission or retransmission (this may be
referred to as adaptive retransmission).

2) If a PDCCH indicating a C-RNTI of a UE is not
detected, HARQ feedback may indicate a method of per-
forming retransmission by a UE. If HARQ feedback is
NACK, the UE performs non-adaptive retransmission. That
is, retransmission is performed using the same uplink
resources as those previously used by the same HARQ
process. If HARQ feedback is ACK, the UE does not
perform uplink transmission/retransmission and keeps data
in a HARQ buffer. In order to perform retransmission,
indication through a PDCCH is required. That is, non-
adaptive retransmission is not performed.

Meanwhile a measurement gap has higher priority than
HARQ retransmission. That is, if HARQ retransmission
collides with a measurement gap, HARQ retransmission is
not performed.

The above-described uplink HARQ operation is summa-
rized as shown in Table 1.

TABLE 1

HARQ
feedback PDCCH
received received
by UE by UE UE behavior
ACK or New New transmission is performed according to the
NACK trans-  PDCCH

mission
ACK or Re- Retransmission is performed according to the
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TABLE 1-continued
HARQ
feedback PDCCH
received received
by UE by UE UE behavior
NACK trans- PDCCH (adaptive retransmission)
mission
ACK None Transmission/retransmission is not performed and
data is kept in the HARQ buffer. The PDCCH
is required to resume retransmission.
NACK None Non-adaptive retransmission

For detailed description of the uplink HARQ operation,
refer to the 3GPP LTE standard (e.g., 3GPP TS 36.300
V8.6.0).

In the conventional 3GPP LTE system (e.g., the 3GPP
LTE release 8 system), if a multiple antenna transmission
scheme is applied to uplink signal transmission from a UE
to a BS, a peak-to-average ratio (PAPR)/cubic metric is
deteriorated. Thus, a multiple antenna transmission scheme
(MIMO transmission scheme) is defined only in downlink
signal transmission from a BS to a UE. Application of a
multiple antenna transmission scheme to an uplink signal
transmitted from a UE to a BS has been discussed for
increase in transfer rate and diversity gain, and a method of
applying a multiple antenna transmission scheme to uplink
signal transmission in the subsequent standard (e.g., 3GPP
LTE Release-10 or subsequent release, or 3GPP LTE-A) of
the 3GPP LTE system has been discussed.

In application of the multiple antenna transmission
scheme to uplink signal transmission, an uplink transmitter
(e.g., a UE) may have two or four transmit antennas. In order
to reduce control signal overhead, a maximum of two
codewords may be transmitted in uplink. In a system for
transmitting multiple codewords in uplink, an uplink
receiver (e.g., a BS) needs to inform the uplink transmitter
(e.g., a UE) of detection (or decoding) success/failure of the
codewords. The uplink receiver may transmit a HARQ
ACK/NACK signal of each codeword to the uplink trans-
mitter. With respect to uplink transmission of two code-
words, a determination as to whether new data transmission
or retransmission is performed depending on whether down-
link HARQ feedback received by the uplink transmitter is
ACK or NACK may be defined as shown in Table 2.

TABLE 2
First Second
codeword codeword Behavior (non-blanking) Behavior (blanking)
ACK ACK First codeword: First codeword:
new data transmission new data transmission
Second codeword: Second codeword:
new data transmission new data transmission
ACK NACK First codeword: First codeword:
new data transmission non-transmission/
Second codeword: retransmission
retransmission Second codeword:
retransmission
NACK ACK First codeword: First codeword:
retransmission retransmission
Second codeword: Second codeword:
new data transmission non-transmission/
retransmission
NACK NACK First codeword: First codeword:

retransmission
Second codeword:
retransmission

retransmission
Second codeword:
retransmission
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In a non-blank operation, new data is transmitted with
respect to a codeword for which ACK is received and
retransmission is performed with respect to a codeword for
which NACK is received. Meanwhile, in a blanking opera-
tion, new data is transmitted with respect to two codewords
if ACK is received with respect to the two codewords, and
a codeword for which ACK is received is not transmitted and
a codeword for which NACK is received is retransmitted if
ACK is received with respect to one of the two codewords
and NACK is received with respect to the other of the two
codewords. If NACK is received with respect to the two
codewords, the two codewords are retransmitted.

Hereinafter, in a HARQ operation for the above-described
uplink multi-codeword transmission, various embodiments
of the present invention of a method of configuring control
information on a PHICH, a precoder selection method, a
method for selecting PHICH resources, a method for select-
ing a DMRS resource, a method of performing the HARQ
operation by a UE which receives a PHICH and a PDCCH,
and a method of configuring downlink control information
(DCI) on a PDCCH will be described.

1. Method of Configuring Control Information on a
PHICH for Uplink Multiple-Codeword HARQ Operation

As described above, a HARQ scheme for uplink data
transmission is synchronously performed and a PHICH
including HARQ ACK/NACK control information for
uplink data transmission is transmitted after a predetermined
time according to an uplink data transmission period. An
uplink transmitter may determine uplink data retransmission
according to an ACK/NACK state indicated by the PHICH.
The ACK/NACK state is represented by 1 bit and this
information is transmitted on a PHICH after modulation and
encoding or modulation and sequence mapping.

Multiple codewords may be used for uplink data trans-
mission. Multiple codewords may be used for the above-
described multiple antenna transmission scheme. Alterna-
tively, multiple codewords may be used for a multiple carrier
technique (or a carrier aggregation technique). In the present
specification, multi-codeword transmission is applicable to a
multiple antenna transmission scheme or a multiple carrier
technique.

Since 1 bit of information is required to indicate an
ACK/NACK state of one codeword, N bits of information is
required to indicate ACK/NACK states of N codewords. For
example, in a system having two codewords, a total of 2 bits
is required to indicate the ACK/NACK states of the code-
words. That is, each of the first and second codewords
includes a state of ACK and ACK, a state of ACK and
NACK, a state of NACK and ACK, or a state of NACK and
NACK. Each state can be represented by 2 bits. N-bit
information may be transmitted on a PHICH using various
methods.

In Embodiment 1-A, ACK/NACK signals for multiple
codewords may be modulated using a modulation method
having an order higher than that of a conventional BPSK
modulation method. For example, ACK/NACK signals of
two codewords may be represented by 2 bits and 2 bits may
be modulated using a quadrature phase shift keying (QPSK)
scheme. When more bits are required to represent the
ACK/NACK states as in transmission of two or more
codewords, a modulation scheme such as N-PSK or
N-Quadrature amplitude modulation (QAM) may be uti-
lized. If a QPSK scheme is used, points of a total of four
states may be represented by 1+j, 1-j, -1-j and -1+.
Alternatively, QPSK may be represented by 1, -1, j and —j.
In the QPSK scheme, each point may be subjected to power
normalization.
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In Embodiment 1-B, ACK/NACK signals for multiple
codewords may be transmitted on multiple PHICHs. Each
PHICH may include 1 bit of ACK/NACK information of
one codeword. For example, with respect to two codewords,
ACK/NACK information may be transmitted on two
PHICHs.

In Embodiment 1-C, ACK/NACK signals for multiple
codewords may be represented by 1 bit on one PHICH. Only
one of the ACK and NACK signals can be represented by 1
bit. For example, if two codewords are successfully
decoded, ACK is transmitted and, if decoding of any one of
the two codewords fails, NACK is transmitted. In another
example, if any one of the two codewords is successfully
decoded, ACK is transmitted and, if decoding of the two
codewords fails, NACK is transmitted.

A method for performing uplink MCW HARQ retrans-
mission according to a PHICH will hereinafter be described
in detail.

It is assumed that, under the condition that a PDCCH
providing uplink transmission scheduling information is not
detected, a UE can perform the HARQ operation using
information indicated by a PHICH. In this case, various
embodiments for the MCW retransmission operation in
uplink MIMO transmission will hereinafter be described in
detail.

For example, if multiple PHICHs are transmitted with
respect to uplink MCW transmission, a retransmission
operation according to an ACK/NACK state of each code-
word may be defined as shown in Table 3. An uplink
transmitter (e.g., a UE) performs retransmission only with
respect to a codeword for which NACK is received and does
not retransmit a codeword for which ACK is received. If
ACK is received with respect to the two codewords, the two
codewords are not transmitted.

TABLE 3

Second
codeword Uplink transmitter behavior

First
codeword

ACK ACK First codeword: non-transmission/retransmission
(PDCCH is required to resume retransmission)
Second codeword: non-transmission/
retransmission (PDCCH is required to

resume retransmission

First codeword: non-transmission/retransmission
(PDCCH is required to resume retransmission)
Second codeword: retransmission (non-adaptive)
First codeword: retransmission (non-adaptive)
Second codeword: non-transmission/
retransmission (PDCCH is required to

resume retransmission

First codeword: retransmission (non-adaptive)
Second codeword: retransmission (non-adaptive)

ACK NACK

NACK ACK

NACK NACK

In Table 3, no signal is transmitted in a codeword corre-
sponding to non-transmission/retransmission. That is, a null
signal is transmitted. A codeword (CW) having a NACK
state transmits a signal, and a codeword (CW) having an
ACK state transmits no signal.

The operation of the codeword (or transport block TB)
having an ACK state may be represented by transmission of
no signal, or may be represented by setting of a zero
transport block (zero TB).

Meanwhile, if only one of two codewords is retransmit-
ted, precoder power may be scaled up at a predetermined

10

15

20

25

30

35

40

45

50

55

60

65

18

rate in consideration of the number of layers mapped to a
codeword that does not transmit a signal.

A precoder applied to uplink MCW transmission accord-
ing to the present invention will hereinafter be described in
detail.

2. Precoder for Use in Uplink MIMO Transmission

As described above, an uplink MIMO transmission
scheme can be applied to a 3GPP LTE-A (LTE Release-10)
system, so that uplink transmission throughput of the 3GPP
LTE-A (LTE Release-10) system can be increased. A scheme
for transmitting multiple transmission streams or multiple
transmission layers on a single arbitrary UE for spatial
multiplexing may be used as a technique applicable to UL
MIMO transmission. In brief, the above-mentioned scheme
can be referred to as a single user MIMO (SU-MIMO)
scheme. In the UL SU-MIMO scheme, link adaptation may
be applied to each transmission stream or each transmission
stream group. a distinctive modulation and coding scheme
(MCS) may be applied for such link adaptation. For this
purpose, MCW-based transmission can be carried out in
uplink.

The MIMO structure using multiple codewords (MCW)
may consider simultaneous transmission of a maximum of
two codewords. For such MIMO transmission, MCS infor-
mation used by the transmitter, a new data indicator (NDI)
as to whether data to be transmitted is new data or retrans-
mission data, and redundancy version (RV) information as to
which subpacket is retransmitted in case of retransmission
may be needed. MCS, NDI, RV information, etc. may be
defined per transport block (TB).

A plurality of transport blocks (IBs) may be mapped to a
plurality of codewords according to a transport block-to-
codeword mapping rule. For example, it is assumed that two
TBs are represented by TB1 and TB2, respectively, and two
codewords are represented by CWO0 and CW1, respectively.
If two TBs (TB1 and TB2) are activated, the first TB (TB1)
may be mapped to a first codeword (CWO0) and the second
TB (TB2) may be mapped to a second codeword (CW1).
Alternatively, TB1 may be mapped to CW1 and TB2 may be
mapped to CWO according to a TB-to-CW swap flag. On the
other hand, if one of two TBs is deactivated and the other
one is activated, one activated TB may be mapped to the first
codeword (CWO). That is, TB and CW may be mapped to
each other on a one to one basis. In addition, TB deactivation
may include an exemplary TB having a size of 0. If the size
of TB is set to 0, the corresponding TB is not mapped to a
codeword.

FIG. 8 is a block diagram illustrating MIMO transmission
based on multiple uplink codewords.

One or more codewords having been encoded by the
encoder may be scrambled using a specific scrambling
signal. The scrambled codewords may be modulated into a
complex symbol using BPSK (Binary Phase Shift Keying),
QPSK (Quadrature Phase Shift Keying), or 16QAM or
64QAM (Quadrature Amplitude Modulation). Thereafter,
the modulated complex symbol is mapped to one or more
layers. If a signal is transmitted using a single antenna, one
codeword is mapped to one layer and then transmitted.
However, if a signal is transmitted using multiple antennas,
the codeword-to-layer mapping relationship as shown in the
following tables 4 and 5 is used according to a transmission
scheme.
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TABLE 4

Number of Number of Codeword-to-layer mapping

20

reference signal to a BS, and the BS can obtain UL spatial
channel information from the UE through the received
reference signal. Based on the obtained spatial channel

layers code words i=0,1,...,M_,, " -1 . . . .
A > information, the BS selects a rank suitable for UL transmis-
1 1 Xizz(i) = dig;(i) My = My 5 sion, obtains a precoding weight, and calculates channel
0= 1 layer _ = . . . . .
2 2 2(1)8 - 3(1)8 ﬁsymb(l) = Myms ™ = quality information (CQI). The BS can information the UE
5 1 xO) = dO(2i) Mi ml;layer =M, of control information for UL signal transmission. The
XE;;(i) = d223(2i +1) ) © control information may include UL transmission resource
s : st = My = allocation information, MIMO information (rank, precodin,
3 RN A Vi 10 et
xM(i) = i sy . . .
X0 = dO2i+ 1) v weight, etc.), MCS level, HARQ information (e.g., RV, NDI,
4 2 xO(1) = dOi) M@ = M, 72 = etc.), and sequence information for UL DMRS. The UE can
Lyes 0 H 1 . . . .
X;;E}; = gilzg};f D My 72 transmit a UL signal using the above-mentioned control
X 1) = 1 . . . . .
*®) — dOQi + 1) information received from the BS. Control information for
UL transmission can be transmitted to a UE through DCI
format fields of a UL grant PDCCH.
TABLE 5
Number
Number of code Codeword-to-layer mapping
of layers words i=0,1,..., Msymbl"y" -1
2 1 xO) = dOi) M, = M, @2
xD() = dO 21 + 1)
4 1 %930 = dw4i) © s A _
D) = dO@i + 1) M _ Mg /4 if My,,mod 4 =0
X2 =dP@i+2) | MO, +2/4 if MO),mod 4£0
*®(0) = dO@i + 3) ! i’
If M., @mod 4 = 0 two null symbols shall be

symb

appended to dOM,,,,,® - 1)

sym.

Table 4 shows an exemplary case in which a signal is
transmitted using spatial multiplexing. Table 5 shows an
exemplary case in which a signal is transmitted using a
transmit diversity scheme. In Tables 4 and 5, x)(i) denotes
an i-th symbol of a layer having an index (a), and d‘“(i)
denotes an i-th symbol of a codeword having an index (a).
The relationship of mapping the number of codewords to the
number of layers can be recognized through “Number of
layers” of Table 4 and “Number of codewords” of Table 5,
and a method for mapping symbols of each codeword to a
layers can be recognized through the “codeword-to-Layer
mapping” item.

As can be seen from Tables 4 and 5, although one
codeword can be mapped to one layer in units of a symbol
and then transmitted, one codeword may be distributed and
mapped to a maximum of four layers as shown in the second
case of Table 5. In this way, if one codeword is distributed
and mapped to a plurality of layers, it can be recognized that
symbols contained in each codeword are sequentially
mapped to individual layers and transmitted. On the other
hand, a single encoder block and a single modulation block
can be used for SCW-based transmission.

As described above, Discrete Fourier Transform (DFT)
can be applied to a signal mapped to a layer. In addition, a
predetermined precoding matrix can be multiplied by the
layer-mapped signal, and then allocated to each transmit
antenna. In order to apply predetermined precoding to a
DFT-s-OFDMA structure without increasing a transmission
PAPR (or CM) of a UE, the precoding can be performed in
a frequency domain after completion of DFT application.

The processed transmission signal for each antenna is
mapped to time-frequency resource elements to be used for
transmission, and is then transmitted through each antenna
after passing through an OFDM signal generator.

For correct uplink MIMO transmission, the following
processes can be performed. First of all, a UE transmits a
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Precoding for UL MIMO transmission shown in FIG. 8
will hereinafter be described in detail. The term “precoding”
indicates a step for combining a weight vector or a weight
matrix with a transmission signal so as to transmit a signal
through a spatial channel. Through the precoding block of
FIG. 8, a transmit diversity or long-term beamforming
scheme, a precoded spatial multiplexing scheme, etc. can be
implemented. In order to efficiently support the precoding
spatial multiplexing scheme, the precoding weight can be
configured in the form of a codebook. Tables 6 to 10
exemplarily illustrate codebooks used for preventing a CM
from increasing in UL transmission.

Table 6 exemplarily shows the precoding codebook for
use in the UL spatial multiplexing transmission scheme
using two transmit antennas. In the case of using two
transmit antennas, one of a total of 6 precoding matrices may
be used for Rank-1 transmission, and one precoding matrix
may be used for Rank-2 transmission.

TABLE 6

Codebook Number of layers v

Index 1 2

10
01}

0

.



US 9,455,801 B2

21
TABLE 6-continued

Codebook Number of lavers v
Index 1 2
4 atl
V2 1o
5 afl
V2 Ll

In Table 6, the precoding matrix indicating codebook
indexes 4 and 5 for Rank-1 transmission can be used as a
vector for turning off transmission through a certain antenna
s0 as to cope with an antenna gain imbalance (AGI) situa-
tion.

Table 7 shows precoding matrices that are contained in a
precoding codebook having the size of 6 bits applicable to
transmission of one layer (i.e., Rank-1 transmission) in the
UL spatial multiplexing transmission scheme using four
transmit antennas. One of a total of 24 precoding matrices
can be applied to 4-Tx-antenna Rank-1 transmission.

10

20

TABLE 8-continued
Codebook

Index 1 0 10 10 10
4711 o 1-10 1o i o
2l 0 1 2l 0 1 200 1 200 1

0 -j 0 j 01 0 -1

Index 10 10 10 1 0
8o dl g 1o 1 o t] 1o 1
2(1 0 2(1 0 2021 0 221 0

01 0 -1 0 1 0 -1

Index 10 10 10 1 0
N N I 1o 1 o t] 1o 1
200 1 200 -1 2l 0 1 2l 0 -1

10 10 -1 0 -1 0

Table 9 shows precoding matrices that are contained in a
precoding codebook applicable to transmission of three
layers (i.e., Rank-3 transmission) in the UL spatial multi-

TABLE 7
Codebook
Index 1 1 1 1 1 1 1 1
0to7 ) .
© 11 1|1 11 1] 1 1] j 1] 1 i 1] i
2| 1 2| 2| -1 2| -j 2|1 j 2| -1 2| -j
-1 ] 1 =j ] 1 =i -1
Index 1 1 1 1 1 1 1 1
8to 15 . . . .
© 1| -1 1] -1 1| -1 1] -1 1| - 1] - 1| -i 1] -
2| 1 2| j 2| -1 2| —j 2|1 2| j 2| -1 2| —j
=j -1 ] =i -1 ] 1
Index 1 1 1 1 0 0 0 0
1623 1y 1| o 1|0 1o 11 11 11 11
2(1 2| -1 2| j 2| -j 200 2| o 200 20 0
0 0 0 0 1 -1 j -j
45

The precoding matrices indicated by codebook indexes 16
to 23 shown in Table 7 may be used as a vector for turning
off transmission through a certain antenna so as to cope with
an antenna gain imbalance (AGI) situation.

Table 8 shows precoding matrices that are contained in a
precoding codebook applicable to transmission of two layers
(i.e., Rank-2 transmission) in the UL spatial multiplexing
transmission scheme using 4 Tx antennas. One of a total of
16 precoding matrices can be applied to 4-Tx-antenna
Rank-2 transmission.

TABLE 8
Codebook
Index 1 0 10 1 0 1 0
O3 1y g 110 =0l 1|- o
2(0 1 20 1 200 1 20 1
0 —j 0 j 01 0 -1
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plexing transmission scheme using 4 Tx antennas. One of a
total of 12 precoding matrices can be applied to 4-Tx-
antenna Rank-3 transmission.

TABLE 9
Codebook
In- 100 1 00 100 1 00
dex
o L[1 00 1|-1 00 tlorol 1o 10
3 2010 210 10 2lt 00| 2/-10o0
00 1 0 01 001 0 01
In- 100 1 00 010 0 10
dex 010 0 10 100 1 00
4tol l l l
7 2|00 1 0 01 100/ 2(-100
100 100 001 0 01
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TABLE 9-continued
Codebook
In- 010 0 10 010 0 10
dex
8 to 11 00 11 00 110 01 110 01
11 210 01 20 01 2|1 00 21 00
100 -1 00 1 00 -1 00

Table 10 shows precoding matrices that are contained in
a precoding codebook applicable to transmission of four
layers (i.e., Rank-4 transmission) in the UL spatial multi-
plexing transmission scheme using 4 Tx antennas. Only one
precoding matrix can be applied to 4-Tx-antenna Rank-4
transmission.

TABLE 10

Codeboook

Index 0

Do —
o O O
oD = O
o -, O O
-0 O O

In the meantime, if transmission of two TBs (or two
codewords) is indicated by a UL grant PDCCH, the precoder
to be applied to such UL transmission can be indicated. If the
UE transmits two TBs according to a UL grant, a PHICH
from the BS can assume that one TB (or one codeword) is
successfully decoded (i.e., ACK) and the other TB (or the
other codeword) fails in decoding (i.e., NACK). In this case,
a successfully transmitted transport block TB (or CW) may
be set to a zero transport block, and retransmission of a
transport block TB (or CW) having failed transmission may
be attempted. In this case, in association with transmission
of two TBs, the precoder indicated by a UL grant can be
applied to transmission of one TB. That is, the precoder
indicated by the UL grant is selected to transmit multiple
TBs (or multiple codewords). In case of retransmission, one
TB (or one CW) is not transmitted and the other TB (or CW)
is transmitted, so that some columns from among the pre-
coder indicated by the UL grant can be applied to data
transmission. In other words, data transmission (i.e., retrans-
mission of the other one TB) can be carried out using only
a subset of the precoder indicated by the UL grant.

Embodiment 2-A

In accordance with Embodiment 2-A, the subset of a
precoder used for retransmission of a codeword correspond-
ing to NACK can be determined in UL two-codewords
transmission.

For example, for Rank-2 UL MIMO transmission using 2
Tx antennas, an identity matrix shown in FIG. 9(a) may be
used. In this case, two TBs (or two CWs) can be transmitted
by the UL grant. Assuming that TB1 is mapped to CW1 and
TB2 is mapped to CW2, one column of the precoder shown
in FIG. 9(a) may be used for CW1 and the other column may
be used for CW2. In association with two TBs (or two CWs),
if ACK is indicated for one TB (or CW) through a PHICH
and NACK is indicated for the other TB (or CW) through a
PHICH, only TB (or CW) indicated by NACK can be
retransmitted. In case of retransmission, the precoder (for
example, the precoder shown in FIG. 9(a)) indicated by the
UL grant can be used. In this case, the precoder subset can
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be used from the viewpoint of a precoder operation. For
example, assuming that TB1 is mapped to CW1 and TB2 is
mapped to CW2, only CW2 can be retransmitted if ACK is
indicated for TB1 and NACK is indicated for TB2. In this
case, a value of a second column acting as the precoder
subset shown in FIG. 9(a) can be used for UL data trans-
mission. The above-mentioned operation can be represented
by the following equation 12.

L] L e

In Equation 12, assuming that a null signal (i.e., 0) is
transmitted in one TB (or one CW) from among two UL TBs
(or two UL CWs), it is possible to obtain the same result as
in the case in which only a second column of the precoder
is used.

In another example, the matrices shown in FIG. 9(b) can
be used for Rank-3 UL MIMO transmission through 4 Tx
antennas. If transmission of two TBs is indicated by the UL
grant, two TBs may be mapped to two CWs, respectively. As
can be seen from FIG. 9(b), some columns of the precoder
may be used for one CW, and the remaining columns may
be used for the other CW. In association with two TBs
transmitted on uplink, the UE can receive ACK/NACK
signals over a PHICH. If ACK is indicated for one certain
CW and NACK is indicated for the other one CW, the CW
for ACK is not transmitted and the CW for NACK can be
retransmitted. Even in the case of retransmission, the pre-
coder (for example, the precoder of FIG. 9(5)) indicated
through the UL grant can be utilized. From the viewpoint of
the precoder operation, it can be recognized that the pre-
coder subset is used. The column mapped to CW used for
transmission is used for UL data transmission. That is, the
values of the 2"¢ and 3" columns acting as the precoder
subsets may be used for UL data transmission. The above-
mentioned operation can be represented by Equation 13.

100 0 00 [Equation 13]
11 00 110 OS2
Z S |==
210 10 211 0|LSs
S3
001 01

In Equation 13, assuming that a null signal (i.e., 0) is
transmitted in one TB (or one CW) from among two UL TBs
(or two UL CWs), it may be possible to obtain the same
result as in the case in which only the second and third
columns of the precoder are used.

Embodiment 2-B

In accordance with Embodiment 2-B, the precoder used
for UL retransmission can be determined.

As described above, the precoder for UL transmission
may be indicated by the UL grant. In this case, information
indicating an MCS level for TB (or CW) and information
indicating retransmission or new data transmission may be
contained in the UL grant. If multiple TBs (or multiple CWs)
are transmitted, retransmission or new data transmission can
be performed for the corresponding TB according to NDI
indication.

In addition, the UL grant may be identified by HARQ
process number.
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For example, the precoder indicated by the UL grant (e.g.,
a UL grant received before scheduling initial transmission)
having the same HARQ process number can be used for
retransmission.

In other words, assuming that a precoder is used if UL
MIMO transmission is performed without using the UL
grant (for example, a UL grant for retransmission is not
provided when synchronous non-adaptive HARQ retrans-
mission is performed through a PHICH indicating a NACK),
the precoder is indicated by the most recent UL grant from
among UL grants having the same HARQ process number
as the indicated HARQ process number.

If UL retransmission is performed using the precoder
indicated by the most recent UL grant having the same
HARQ process number, and if ACK is received for a certain
CW and NACK is received for the other CW, the CW
corresponding to ACK can be set to a zero transport block,
and retransmission of the CW corresponding to NACK
using the precoder subset may be attempted.

Embodiment 2-C

In Embodiment 2-C, if ACK/NACK information is
received through a PHICH for UL 2-CW transmission, the
following precoder applicable to 1-CW retransmission can
be used, and a detailed description thereof will hereinafter be
given.

As described above, assuming that two TBs (or two CWs)
are transmitted, if one TB (or CW) is successfully decoded
and the other one TB (or CW) fails to be decoded, only the
TB (or CW) that failed to be decoded can be retransmitted.
It is determined whether decoding success/failure of the
corresponding TB (or CW) can be confirmed through the
ACK or NACK state for each TB (or CW). In the case of
receiving the ACK state for a certain TB (or CW) through a
PHICH, the UE does not transmit data of the corresponding
TB (or CW). In the case of receiving the NACK state, the
UE transmits data of the corresponding TB (or CW).

The following tables 11 and 12 illustrate examples of UL
2-CW transmission.

TABLE 11
Time

0 1 2 3
Indication UL Grant PHICH PHICH PHICH
Type (NACKINACK) (NACKIACK) (ACK)
Transmission Initial or Re- Re- No-Trans-
Type Re-Tx Transmission  Transmission  mission

Initial or Re- No-

Re-Tx Transmission  Transmission
TB TB_1 TB_1 TB_1
transmission TB_2 TB_2
PMI PMI_(time 0) PMI_(time 0) PMI_(time 0)
Selection

TABLE 12
Time
0 1 2

Indication UL Grant PHICH PHICH
Type (NACKIACK) (ACK)
Transmission Initial or Re Tx Re-Transmission No-Transmission
Type Initial or Re Tx
TB TB_1 TB_1
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TABLE 12-continued
Time
0 1 2
transmission TB_ 2
PMI Selection PMI_(time 0) PMI_(time 0)

Table 11 shows that a UL grant PDCCH is received at a
certain time (for example, a time 0) and initial transmission
or retransmission (Re-Tx) of 2 TBs (or 2 CWs) is repre-
sented by UL grant indication. In this case, the precoder (i.e.,
PMI_(time 0) indicated by the UL grant can be utilized. If
NACK information for 2 TBs (or 2 CWs) that was initially
transmitted or retransmitted is received through a PHICH at
a specific time (Time 1), both TBs (or CWs) can be
retransmitted. At this time, the precoder to be used may
indicate the precoder (i.e., PMI_(time 0)) indicated through
the most recent uplink grant PDCCH (corresponding to a UL
grant received at a time (Time 0)). In association with two
retransmitted TBs (or CWs) (i.e., TB_1 and TB_2), if
NACK for TB_1 is received through a PHICH and ACK for
TB_2 is received through a PHICH at a time 2, TB_1
corresponding to NACK is retransmitted and TB_2 corre-
sponding to ACK is not transmitted. At this time, the
precoder to be used may indicate the precoder (i.e., PMI_
(time 0)) indicated through the most recent uplink grant
PDCCH (corresponding to a UL grant received at time 0). In
association with one retransmitted TB (TB_1), ACK for
TB_1 is received through a PHICH at time 3, retransmission
is not performed any longer. If ACK for one retransmitted
TB (TB_1) is received through a PHICH at time 3, retrans-
mission is not performed any longer.

On the other hand, Table 12 shows that a UL grant
PDCCH is received at a certain time (e.g., time 0) and two
TBs (or two CWs) are initially transmitted or retransmitted
(Re-Tx) according to UL grant indication. In this case, the
precoder (i.e., PMI_(time 0)) indicated by UL grant can be
utilized. In association with two TBs (or two CW5s) that were
initially transmitted or retransmitted, if NACK for TB_1 is
received through a PHICH and ACK for TB_2 is received
through a PHICH at a time 1, TB_1 corresponding to NACK
is retransmitted and TB_2 corresponding to ACK is not
transmitted. At this time, the precoder to be used may
indicate the precoder (i.e., PMI_(time 0)) indicated through
the most recent uplink grant PDCCH (corresponding to a UL
grant received at time 0). In association with one retrans-
mitted TB (TB_1), if ACK is received through a PHICH at
time 2, retransmission is not performed any more.

If retransmission is performed as described above (all of
2 TBs may be retransmitted as shown in the above-men-
tioned example and only one TB may also be retransmitted
as necessary), the same MCS as in the previous transmission
may be applied to retransmission data (one or two TBs). In
this case, one physical antenna may have a structure (for
example, a structure of a Cubic Metric Preserving Code-
book) for transmitting a signal of one layer according to the
precoder structure defined for MIMO transmission. In this
case, if one TB (or CW) from among two TBs (or two CWs)
is not transmitted, no signal is transmitted through a physical
antenna corresponding to a layer mapped to non-transmis-
sion CW.

Therefore, if another TB (or CW) is not transmitted
during retransmission of a certain TB (or CW) (for example,
if ACK for only one from among 2 TBs (or 2 Cs) is
received), the MIMO scheme must be changed to transmit
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data through all physical antennas as compared to the
previous transmission. That is, when retransmission of a TB
(or CW) indicating NACK is performed by a PHICH, if the
MIMO transmission scheme is fallen back using the antenna
transmission scheme depending on the number of CW-
mapped layers (i.e., a rank value), data can be transmitted
through all physical antennas. Detailed examples of the
embodiment 2-C that selects a precoding matrix according
to the number of layers mapped to one retransmission TB (or
CW) will hereinafter be described in detail.

Embodiment 2-C-1

In accordance with Embodiment 2-C-1, when retransmis-
sion of a TB (or CW) indicating NACK is performed by a
PHICH, if one CW is mapped to one layer, a single antenna
port transmission mode can be applied. A variety of tech-
niques (for example, cyclic delay diversity (CDD), precod-
ing vector switching (PVS), long-term beamforming, and
closed-loop spatial multiplexing (SM)) in which a single
layer is transmitted through a plurality of physical antennas
can be applied to the single antenna port transmission mode.

Alternatively, if one CW is mapped to one layer, the
precoder for single rank transmission can be utilized. The
precoder for single rank transmission may be selected by the
UE at random. Otherwise, the promised precoder between
the UE and the BS may be used, and the promised precoder
may be selected as a different precoder at every retransmis-
sion. In another example, the promised precoder may be
used between the UE and the BS, and the promised precoder
may also be selected as the same precoder at every retrans-
mission. For example, a Rank-1 precoder (i.e., a precoder of
v=1 shown in Table 6) defined for UL 2Tx antenna trans-
mission of 3GPP LTE Release-10 may be used. Alterna-
tively, a Rank-1 precoder (i.e., the precoder shown in Table
7) defined for UL 4Tx antenna transmission of 3GPP LTE
Release-10 may be used.

For example, assuming that 2 TBs (or 2 CWs) are
transmitted by a UL grant PDCCH, if ACK for TB_1 is
received through a PHICH and NACK for TB_2 is received
through a PHICH, it is assumed that TB_1 is not transmitted
and TB_2 is retransmitted. In this case, UL data is retrans-
mitted according to PHICH information and UL data
retransmission can be performed through a single layer. That
is, one codeword may be mapped to one layer. At this time,
a precoding matrix to be used may be used as a precoding
matrix for a rank (i.e., Rank-1) corresponding to the number
(=1) of layers mapped to a TB (or CW) indicating NACK.

In other words, assuming that ACK/NACK information
for the previously transmitted UL data is received through a
PHICH, if the number (e.g., 2) of TBs indicated by the most
recent PDCCH is different from the number (e.g., 1) of TBs
indicated by NACK through a PHICH, the UE performs
retransmission of a TB corresponding to NACK. In this case,
UL transmission is performed using the same number of
transmission layers as the number of layers (e.g., 1) mapped
to a TB (or CW) corresponding to NACK, and the precoding
matrix defined for the number (e.g., 1) of transmission layers
may be used. For example, if the number of TBs corre-
sponding to NACK is 1 and a codeword (CW) mapped to the
corresponding TB is mapped to one layer, the Rank-1
precoder may be used during retransmission of a TB corre-
sponding to NACK.

Embodiment 2-C-2

In accordance with Embodiment 2-C-2, assuming that
retransmission of a TB (or CW) indicated by NACK through
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a PHICH is performed, if one CW is mapped to two layers,
two-antenna-ports transmission mode may be used. A vari-
ety of techniques in which one layer is transmitted through
a plurality of physical antennas and the other one layer is
transmitted through other physical antennas can be applied
to the 2-antenna-port transmission mode.

Alternatively, if one CW is mapped to two layers, the
precoder for Rank-2 transmission can be utilized. The pre-
coder for Rank-2 transmission may be selected by the UE at
random. Otherwise, the promised precoder between the UE
and the BS may be used, and the promised precoder may be
selected as a different precoder at every retransmission. In
another example, the promised precoder may be used
between the UE and the BS, and the promised precoder may
also be selected as the same precoder at every retransmis-
sion. For example, a Rank-2 precoder (i.e., a precoder of v=2
shown in Table 6) defined for UL 2Tx antenna transmission
of 3GPP LTE Release-10 may be used. Alternatively, a
Rank-2 precoder (i.e., the precoder shown in Table 8)
defined for UL 4Tx antenna transmission of 3GPP LTE
Release-10 may be used.

For example, assuming that 2 TBs (or 2 CWs) are
transmitted by a UL grant PDCCH, if ACK for TB_1 is
received through a PHICH and NACK for TB_2 is received
through a PHICH, it is assumed that TB_1 is not transmitted
and TB_2 is retransmitted. In this case, UL data is retrans-
mitted according to PHICH information and UL data
retransmission can be performed through two layers. That is,
one codeword may be mapped to two layers. At this time, a
precoding matrix may be used as a precoding matrix for a
rank (i.e., Rank-2) corresponding to the number (=2) of
layers mapped to a TB (or CW) indicating NACK.

In other words, assuming that ACK/NACK information
for the previously transmitted UL data is received through a
PHICH, if the number (e.g., 2) of TBs indicated by the most
recent PDCCH is different from the number (e.g., 1) of TBs
indicated by NACK through a PHICH, the UE performs
retransmission of a TB corresponding to NACK. In this case,
UL transmission is performed using the same number of
transmission layers as the number of layers (e.g., 2) mapped
to a TB (or CW) corresponding to NACK, and the precoding
matrix defined for the number (e.g., 2) of transmission layers
may be used. For example, if the number of TBs corre-
sponding to NACK is 1 and a codeword (CW) mapped to the
corresponding TB is mapped to two layers, the Rank-2
precoder may be used during retransmission of a TB corre-
sponding to NACK.

Embodiment 2-D

Examples of the codeword-to-layer mapping relationship
during retransmission will hereinafter be described with
reference to Embodiment 2-D.

Codeword (CW) swapping will hereinafter be described
in detail.

Two codewords are transmitted on uplink, and ACK and
NACK, NACK and ACK, or NACK and NACK are
received per CW, so that one or two CWs can be retrans-
mitted. In this case, the layer mapped to CW may be greatly
changed as compared to the previous transmission. That is,
the layer mapped to CW may be changed whenever retrans-
mission is performed.

For example, if NACK for only one of two CWs is
received in previous transmission, the retransmitted (i.e.,
NACK) CW may be mapped to a layer in which an ACK
CW was transmitted in the previous transmission. For
example, after CW1 is transmitted through a first layer and
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CW2 is transmitted through a second layer, assuming that
ACK for CW1 is received and NACK for CW2 is received,
CW2 corresponding to NACK is retransmitted. In this case,
CW2 is mapped to a first layer and then retransmitted.

In another example, if NACK for all CWs is received, all
CWs are retransmitted. In this case, the position of a layer
mapped to CW can be changed during retransmission. For
example, after CW1 is mapped to the first layer and CW2 is
mapped to the second layer and then transmitted, assuming
that NACK is received for both CW1 and CW2, CW1 is
mapped to the second layer and CW2 is mapped to the first
layer, so that the resultant CW1 and CW2 can be retrans-
mitted.

Application examples of null-transmission and CW swap-
ping will hereinafter be described in detail.

For example, under the condition that a signal corre-
sponding to a CW having received an ACK state is not
transmitted (i.e., a null signal is transmitted) and a CW
having received a NACK state is retransmitted, the retrans-
mitted CW is mapped to a layer mapped to a CW that has
received the ACK state in previous transmission, and then
retransmitted. For example, after CW1 is transmitted
through a first layer and CW2 is transmitted through a
second layer, if ACK is received for CW1 and NACK is
received for CW2, a null signal is transmitted in association
with CW1 and a CW2 corresponding to NACK is retrans-
mitted. In this case, CW2 is mapped to the first layer and
then retransmitted.

In another example, when a signal corresponding to CW
having received the ACK state is not transmitted (i.e., a null
signal is transmitted) and only a CW having received the
NACK state is retransmitted, the retransmitted CW can be
transmitted through a layer different from the layer mapped
in previous transmission. In this case, the position of a layer
mapped to a CW may be changed at every retransmission.

In the above-mentioned examples, ACK/NACK informa-
tion for UL transmission of two CWs can be obtained
through multiple PHICH transmission (See Embodiment
1-B), or can be obtained through a single PHICH having
multiple states (See Embodiment 1-A).

3. PHICH Resource Allocation for Retransmission

In order to indicate success or failure of TB (or CW)
decoding when multiple TBs (or CWs) are transmitted, a
plurality of PHICH resources can be allocated. A plurality of
PHICH resources may be allocated so that ACK/NACK
signals of multiple TBs (or CWs) may be indicated.

For example, if a maximum of two TBs (or two CWs) is
transmitted on uplink, two PHICH resources can be estab-
lished, and ACK/NACK information for each TB (or CW)
may be transmitted through one PHICH resource. PHICH
resources may be determined to be a combination of differ-
ent indexes. For example, a PHICH resource may be estab-
lished as a combination of the lowest PRB index and the
cyclic shift (CS) index that are contained in a DCI format of
the UL grant PDCCH. For example, a PHICH resource may
be identified by a pair of indexes (hereinafter referred to as
an index pair) (Npzrer” F Npprer 1), wherein Ny 7%
is a PHICH group number, and np; ;7 is an orthogonal
sequence index contained in the corresponding group.
U and Npprer ¢ can be defined by the following

Dprrce
equation 14.

group,

group
Hprrce (Uprs_ra™Drirs)MOd Npprcrf
group

IPHI CHN PHICH

seq_ group
Hprrce ([IPRB,RA/NPHICH I+1pams)mod
N PHICH

[Equation 14]
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In Equation 14, n,,,,z < is mapped to TB(s) associated with
the corresponding PUSCH transmission on the basis of ‘CS
field for DMRS’ (hereinafter referred to as ‘DMRS CS
field’) contained in the most recent reception PDCCH from
among UL grant DCI format PDCCHs (also called a UL DCI
format). If the DMRS CS field of a PDCCH having a UL
DCI format is set to ‘000°, ny,,,s may be mapped to zero
(0). Assuming that the DMRS CS field is set to ‘001°, ‘010°,
‘0117, 100, “101°, “110” or “111°, n,,, s may be mapped to
1,2,3,4,5, 6, or 7. On the other hand, assuming that a
PDCCH having a UL DCI format for the same TB is not
present, if an initial PUSCH for the same TB may be
semi-persistently scheduled or an initial PUSCH is sched-
uled by a random access response grant, 1, ... may be set
to zero.

In Equation 14,
PHICH modulation.

In Equation 14, Ipzz r, may have any one of

lowest_index lowest_index lowest_in
Ipra_ra or Iprg ra +1. Iprg a4 -

ex 1s the lowest PRB index of a first slot of the correspond-
ing PUSCH transmission. An exemplary case in which
IPRBfRA is set to IPRBiRAZowestiindex or IPRBiRAZowestiindex +1
will hereinafter be described with reference to embodiments
of the present invention.

In Equation 14, Ny ;-2 is the number of PHICH
groups established by a higher layer, 1, 1s setto 1 in one
case in which PUSCH transmission is denoted by n=4 or
n=9 at TDD UL/DL setting ‘0’, and I, may be set to ‘0’
in the remaining cases.

If transmission of a TB (or CW) indicated by ACK
through a PHICH is not performed, and NDI is toggled at
either a UL grant received simultaneously with a PHICH or
a UL grant received after PHICH transmission (i.e., if new
data indication is indicated), a flush operation for acquiring
an empty transmission buffer (i.e., if new data transmission
is indicated) can be carried out.

Meanwhile, TB (or CW) indicated by NACK through a
PHICH can be retransmitted. In this case, if there is only one
TB (or CW) to be retransmitted, information (i.e., ACK/
NACK for retransmission) as to whether retransmission is
successfully decoded by a receiver can be sufficiently rep-
resented using only one PHICH resource. That is, after
allocation of multiple PHICH resources, if a certain TB (or
CW) from among multiple TBs (or CWs) indicates ACK and
another TB (or CW) indicates NACK, retransmission can be
performed. In the case of retransmission, a PHICH suitable
for the number of TBs (or CWs) participating in retrans-
mission can be used.

For example, assuming that two PHICH resources are
allocated for two TBs (or two CWs), if one of two TBs (or
two CWs) indicates ACK and the other one TB (or CW)
indicates NACK through two PHICH resources, retransmis-
sion of one TB (or CW) indicated by NACK is attempted. In
case of retransmission, one PHICH resource is used for one
TB (or CW) to be retransmitted, so that ACK or NACK for
the corresponding TB (or CW) can be indicated.

Assuming that multiple PHICH resources are used for UL
MCW transmission, if ACK for some TBs is received
through the multiple PHICH resources and NACK for some
other TBs is received through the multiple PHICH
resources, retransmission of a TB corresponding to NACK
is performed. PHICH resources indicating ACK/NACK for
such retransmission may be selected as some resources from
among multiple PHICH resources. Examples for selecting
PHICH resources will hereinafter be described.

N7 H s a spreading factor used for
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Embodiment 3-A

In accordance with Embodiment 3-A, PHICH resources
allocated for a first TB (or CW) can be allocated as PHICH
resources for retransmission.

For example, it may be assumed that UL transmission of
two TBs through the UL grant PDCCH is scheduled. That is,
a PDCCH may indicate initial transmission of two TBs.
Therefore, the UE may transmit two TBs through a PUSCH.
In association with two UL transmission TBs, ACK/NACK
information may be received through multiple PHICH
resources. For example, in order to indicate ACK/NACK
information of the first TB, a first PHICH resource can be
allocated. In order to indicate ACK/NACK information of
the second TB, a second PHICH resource can be allocated.
The first PHICH resource and the second PHICH resource
may be distinguished from each other according to different
indexes. For example, if the lowest PRB index (I) is allo-
cated to the first PHICH resource, the lowest PRB index
(I+1) may be allocated to the second PHICH resource.

If a PHICH indicates a NACK of one TB (i.e., first TB or
second TB) from among two UL transmission TBs, retrans-
mission of a TB corresponding to NACK can be performed.
Such retransmission is performed through a PUSCH. In this
case, the UL grant PDCCH that directly schedules the
corresponding PUSCH transmission is not present, and
retransmission can be performed using an MCS level con-
tained in the most recent PDCCH (for example, a PDCCH
that schedules initial transmission of 2 TBs). In association
with retransmission of a TB corresponding to NACK, ACK/
NACK information can be received through a PHICH. In
this case, a PHICH resource for retransmission of a TB
corresponding to NACK can be selected as a PHICH
resource (i.e., a first PHICH resource) allocated for the first
TB from among multiple PHICH resources.

In other words, provided that a PDCCH related to trans-
mission of a certain PUSCH is not present (i.e., if retrans-
mission is performed according to PHICH reception without
using the UL grant PDCCH), if the number (for example, 1
in the aforementioned example) of TBs indicated by NACK
is different from the number (for example, 2 in the afore-
mentioned example) of TBs indicated by the most recent
PDCCH (i.e., a PDCCH that schedules initial transmission
of two TBs in the aforementioned example) related to the
corresponding PUSCH (i.e., PUSCH that retransmits a TB
indicating a NACK), a PHICH resource (i.e., a first PHICH
resource) allocated for the first TB can be selected as a
PHICH resource indicating ACK/NACK information related
to retransmission of a TB indicating NACK. For example,
assuming that any one of the first TB and the second TB
indicates NACK during previous transmission, a PHICH
resource allocated for retransmission of the NACK TB may
be established as a PHICH resource (i.e., a first PHICH
resource) for the first TB, irrespective of whether the NACK
TB is the first TB or the second TB. For example, if Ipz5 24
shown in FEquation 14 may be established as
Iprs 2 fowestindex in association with the first TB of a
PUSCH, or if the number of NACK TBs is different from the
number of TBs indicated by the most recent PDCCH related
to the corresponding PUSCH so that no related PDCCH
exists, Ippy z, May besetto I, "7 In addition,
Iprs ra shown in Equation 14 may be established as
Loy ms"e"%*¢1 in association with the second TB of a
PUSCH having a related PDCCH.

Embodiment 3-B

In accordance with Embodiment 3-B, the same PHICH
resource as a PHICH resource that has been allocated for
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each TB (or CW) in previous transmission can be allocated
to retransmission of each TB (or CW).

For example, during the previous transmission, ACK/
NACK information can be transmitted through a first
PHICH resource in association with the first TB (or CW),
and ACK/NACK information can be transmitted through a
second PHICH resource in association with the second TB
(or CW). If ACK is received for the first TB (or CW) and
NACK is received for the second TB (or CW), retransmis-
sion of the second TB (or CW) corresponding to NACK is
performed, and the first TB (or CW) corresponding to ACK
may not be transmitted. In this case, ACK/NACK informa-
tion for the second TB (or CW) to be retransmitted can be
transmitted through the same PHICH resource as in the
previous transmission.

Embodiment 3-C

In accordance with Embodiment 3-C, from among
PHICH resources allocated to each TB (or CW) during
previous transmission, a PHICH resource allocated for each
TB (or CW) having either a high MCS or the same MCS can
be allocated for TB (or CW) retransmission.

For example, during the previous transmission, ACK/
NACK information can be transmitted through a first
PHICH resource in association with the first TB (or CW),
and ACK/NACK information can be transmitted through a
second PHICH resource in association with the second TB
(or CW). In this case, it is assumed that the first TB has an
MCS higher than that of the second TB. If ACK is received
for the first TB (or CW) and NACK is received for the
second TB (or CW), retransmission of the second TB (or
CW) corresponding to NACK is performed, and the first TB
(or CW) corresponding to ACK may not be transmitted. In
this case, ACK/NACK information for the second TB (or
CW) to be retransmitted can be transmitted through a
PHICH resource (i.e., the first PHICH resource) allocated
for the first TB having a high MCS. Alternatively, a PHICH
resource allocated for a TB having the same MCS as an
MCS level of a retransmission TB from among TBs of the
previous transmission can be allocated to the retransmission
TB.

Embodiment 3-D

In accordance with Embodiment 3-D, from among
PHICH resources allocated to each TB (or CW) in previous
transmission, a PHICH resource allocated for a TB (or CW)
having a low MCS or the same MCS can be allocated for TB
(or CW) retransmission.

For example, during the previous transmission, ACK/
NACK information can be transmitted through a first
PHICH resource in association with the first TB (or CW),
and ACK/NACK information can be transmitted through a
second PHICH resource in association with the second TB
(or CW). In this case, it is assumed that the first TB has an
MCS lower than that of the second TB. If ACK is received
for the first TB (or CW) and NACK is received for the
second TB (or CW), retransmission of the second TB (or
CW) corresponding to NACK is performed, and the first TB
(or CW) corresponding to ACK may not be transmitted. In
this case, ACK/NACK information for the second TB (or
CW) to be retransmitted can be transmitted through a
PHICH resource (i.e., the first PHICH resource) allocated
for the first TB having a low MCS. Alternatively, a PHICH
resource allocated for a TB having the same MCS as an
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MCS level of a retransmission TB from among TBs of the
previous transmission can be allocated to the retransmission
TB.

4. RS Resource Allocation

For UL transmission, a demodulation reference signal
(DMRS) can be transmitted. DMRS is a reference signal that
is adapted to perform UL channel estimation for each
antenna port or for each layer.

A cyclic shift (CS) value may be adapted to generate a
DMRS sequence. A CS index applied to UL DMRS may be
indicated through the ‘Cyclic shift for DMRS’ field of a
PDCCH DCI format. In case of multi-layer channel estima-
tion, UL DMRSs can be isolated from each other using the
CS so that the UL DMRSs can be multiplexed. That is, each
DMRS can be applied to each UL layer, and different
DMRSs can be distinguished from each other on the basis of
different CS indexes. That is, the CS may be considered to
be an orthogonal resource for discriminating a DMRS. In
addition, as the distance between CS resources applied to a
DMRS for each layer is increased, performance of discrimi-
nating each layer by the receiver may be increased

For example, a PUSCH DMRS sequence sz 2(*) for
a layer Ae{0, 1, , U=1} may be defined as rp 505"
(m'M; RS+H)WV(M(II1)I' (1) where, m=0, 1, n=0, ,
MSCRS—I and M, =M PUSCH Top example, an orthogonal
sequence w™(m) may be given as [w™(0) w™(1)]=[1 1], or
may be defined using the cyclic shift (CS) field (i.e., a cyclic
shift index field for DMRS) indicated by a DCI format
related to the most recent uplink for a TB related to the
corresponding PUSCH transmission. For example, assum-
ing that the CS field of a DCI format is set to ‘000", [w™)(0)
w(1)] may be set to [1 1], [1 1], [1 -1] and [1 -1] in
association with A=0, A=1, A=2 and A=3, respectively. In
addition, if the CS field of a DCI format is set to ‘001°,
[Ww?(0) w?(1)] may be set to [1 -1], [1 -1], [1 1] and [1
1] in association with A=0, A=1, A=2 and A=3, respectively.
If the CS field of a DCI format is set to ‘010°, [w™(0)
w®(1)] may be set to [1 =1], [1 =1], [1 1] and [1 1] in
association with A=0, A=1, A=2 and A=3, respectively. If the
CS field of a DCI format is set to ‘011°, [w™(0) w®(1)]
may besetto [1 1],[1 1], [1 1] and [1 1] in association with
A=0, A=1, A=2 and A=3, respectively. If the CS field of a DCI
format is set to <100°, [w™(0) w™(1)] may be set to [1 1],
[11],[1 1] and [1 1] in association with A=0, A=1, A=2 and
A=3, respectively. If the CS field of a DCI format is set to
101°, [w™(0) w?(1)] may be set to [1 1], [1 =1], [1 -1]
and [1 -1] in association with A=0, A=1, A=2 and A=3,
respectively. If the CS field of a DCI format is set to “110°,
[W(0) w(1)] may be set to [1 -1], [1 -1], [1 1] and [1
-1] in association with A=0, A=1, A=2 and A=3, respectively.
If the CS field of a DCI format is set to <111°, [w™(0)
w®(1)] may be set to [1 1], [1 1], [1 -1] and [1 -1] in
association with A=0, A=1, A=2 and 7»:3, respectively.

In addition, in case of Tp e (MM, F +n)ﬁ7v(7‘)
(m)r,,, L(n), a cyclic shift (CS) of a slot n, 1s given as
o,= 2nncs »/12, and is defined as n_, =(Nppgms'+
nDMRSk( 3+nPN(nS))mod 12. In this case, npy,s @ may be
set100, 2, 3,4, 6, 8,9 or 10 when a parameter (cyclicShift)
provided by a higher layer issetto0,1,2,3,4,5 6or7.
In addition, nppzs, , @ is determined by the cychc shift for
DMRS’ field indicated by the most recent uplink DCI format
of a transport block (TB) related to the corresponding
PUSCH transmission.

For example, assuming that the CS field of a DCI format
is set to “000’, nDMRS,X(z) may be set to 0, 6, 3 and 9 in
association with A=0, A=1, A=2 and A=3, respectively. In
addition, if the CS field of a DCI format is set to ‘001°,
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Npamsa > may be set to 6, 0, 9 and 3 in association with
2=0, A=1, A=2 and A=3 respectively Ifthe CS field of a DCI
format is set to ‘010°, npyps. ., may be set to 3, 9, 6 and 0
in association with 7» 0, A=1, A=2 and A=3, respectively If
the CS field of a DCI format is set to “011°, Ny pe, @ may
besetto 4, 10, 7 and 1 in association with 7»:0, A=1,2=2 and
A=3, respectively. If the CS field of a DCI format is set to
“100°, Ny 05,2 may be set to 2, 8, 5 and 11 in association
with A=0, A=1, A=2 and A=3, respectively. If the CS field of
a DCI format is set to *101°, 0., may be set to 8, 2,
11 and 5 in association with A=0, A=1, A=2 and A=3,
respectively. If the CS field of a DCI format is set to “110°,
Npamsa > may be set to 10, 4, 1 and 7 in association with
A=0, A=1, \=2 and A=3, respectively. If the CS field of a DCI
format is set to “111°, 0,2 may be set to 9, 3, 0 and 6
in association with A=0, A=1, A=2 and A=3, respectively.

When transmitting a DMRS on uplink, a signal generated
in a time domain for use in the uplink data part is converted
into a frequency-domain signal through DFT processing,
and is mapped to subcarriers. Thereafter, IFFT processing
and CP attachment of the subcarrier mapping result are
conducted and transmitted (See FIG. 7), DFT processing of
a DMRS is omitted, the DMRS is directly generated in a
frequency domain and is mapped to subcarriers, and IFFT
processing and CP attachment of the subcarrier mapping
result are conducted and transmitted. In addition, the posi-
tion of an OFDM symbol mapped to a DMRS in a UL
subframe is as follows. In case of a normal CP, a DMRS is
located at a fourth OFDM symbol of each of the two slots
within one subframe. In case of an extended CP, a DMRS is
located at a third OFDM symbol of each of the two slots
within one subframe.

As described above, when transmitting two TBs (or two
CWs), a sequence calculated on the basis of a CS index
indicated by a DCI format of the most recent reception
PDCCH can be applied to a DMRS. If decoding of one of
two TBs (or two CWs) is successfully performed and
decoding of the other one TB (or CW) fails, retransmission
of one TB (or CW) having failed to be decoded can be
performed. In this case, for retransmission of one TB (or
CW) having failed decoding, there is a need to define which
CS index is to be used. If a CS index to be used for the
transmitter and the receiver is not determined, it may be
impossible to perform channel estimation of a layer.

Therefore, when the UE performs the HARQ operation
using information indicated by a PHICH under the condition
that a PDCCH providing scheduling information of UL
transmission is not detected, retransmission of some TBs (or
CWs) can be performed. In this case, it may be necessary to
determine whether a CS allocated to UL multiple layers is to
be allocated as in the previous transmission, or it may be
necessary to determine whether a new CS is to be allocated
so as to increase the distance of CS resources. CS resource
allocation according to embodiments of the present inven-
tion will hereinafter be described.

Embodiment 4-A

Considering the CW-to-layer mapping relationship shown
in Tables 4 and 5, one certain CW can be mapped to a
specific layer (one or more layers). When a certain TB (or
CW) is retransmitted, a CS index allocated for a layer
mapped to the retransmitted CW can be used for the corre-
sponding retransmission.

For example, it is assumed that CW1 is mapped to a first
layer and CW2 is mapped to second and third layers, so that
the mapped results can be transmitted. If ACK is received in
association with CW1 and NACK is received in association
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with CW2, CW2 corresponding to NACK can be retrans-
mitted. In this case, the layer mapped to the retransmitted
CW2 can be newly determined according to the CW-to-layer
mapping rule. For example, the retransmitted CW2 can be
mapped to the first and second layers. In this case, using the
CS index allocated for the layers (i.e., the first and second
layers) mapped to the retransmitted CW2, a sequence for a
DMRS of a layer used for retransmission can be generated.

In other words, the layer mapped to the retransmitted CW
can be reset according to the CW-to-layer mapping rule
during retransmission of a CW indicating a NACK. In
accordance with Embodiment 4-A, the CS index for DMRS
for use in retransmission may be represented by a CS index
for a layer that is newly mapped (reset) to the retransmitted
CW. For example, the CS value nDMRS,X(z) for a DMRS can
be determined according to not only ‘CS index for DMRS’
indicated by the UL grant PDCCH but also the number (i.e.,
rank) of layers of a transmission signal. The operation for
resetting the layer mapped to the retransmitted CW accord-
ing to the codeword-to-layer mapping rule during retrans-
mission of a CW corresponding to NACK may also indicate
that the DMRS CS value ny,, . S,;L(z) is (newly) re-determined
according to not only the ‘CS index for DMRS’ field
indicated by the most recent UL grant DCI format PDCCH
but also the number of layers attempting retransmission.

Embodiment 4-B

If some TBs (or CWs) are retransmitted for UL MCW
transmission, a precoder subset (or some columns) indicated
by the most recent UL grant PDCCH can be selected (See
Embodiment 2). In this case, the precoder can also be used
for mapping the layer to antenna ports. Therefore, if some
columns of the precoder are selected in retransmission, this
means that some layers from among layers mapped to the
precoder are selected. Accordingly, as a CS index for a
DMRS used for retransmission, a CS index allocated for the
layer selected by the precoder can be utilized.

For example, it is assumed that CW1 is mapped to a first
layer and CW2 is mapped to second and third layers so that
the mapped results can be transmitted. If ACK is received in
association with CW1 and NACK is received in association
with CW2, CW2 corresponding to NACK can be retrans-
mitted. For example, during CW2 retransmission, second
and third columns of the precoder can be selected as the
precoder subsets of FIG. 9(b). That is, the second and third
columns of the precoder can be selected for CW2 retrans-
mission, so that the second and third layers can be selected.
Accordingly, using the CS index allocated for the layers (i.e.,
the second and third layers) corresponding to the precoder
columns used for retransmission, a sequence for a DMRS of
a layer used for retransmission can be generated.

In other words, the precoder subset selected by retrans-
mission of a NACK CW may indicate the layer mapped to
the retransmitted CW in previous transmission. In accor-
dance with Embodiment 4-B, the CS index for DMRS for
use in retransmission may be represented by reuse of a CS
index that was used for the layer mapped to the correspond-
ing CW in previous transmission. For example, the CS value
Npasm S,;L(z) for a DMRS can be determined according to not
only ‘CS index for DMRS’ indicated by the UL grant
PDCCH but also the number (i.e., rank) of layers of a
transmission signal. In association with the CS index for
DMRS during retransmission of NACK CW, reuse of the CS
index that was used for the layer mapped to the correspond-
ing CW in previous transmission may also indicate that the
CS value np, . S,;L(z) of a DMRS having been allocated for
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TBI1 or TB2 in the previous transmission is used for the layer
corresponding to a TB attempting retransmission. Here, in
case of TB1 retransmission, the TB attempting retransmis-
sion is identical to a TB1 of the previous transmission, and
in case of TB2 retransmission, the TB attempting retrans-
mission is identical to a TB2 of the previous transmission.

5. HARQ Operations Based on PHICH and PDCCH

As described above, the UL HARQ operation of a UE can
be defined in different ways according to one case in which
the UE does not detect the UL grant PDCCH and uses
information indicated through a PHICH, and the other case
in which the UE performs PHICH transmission and detects
a UL grant PDCCH.

In accordance with Embodiment 4-B, when the HARQ
operation is performed on the condition that the UE detects
a PDCCH, a method for retransmitting multiple TBs (or
CWs) in UL MIMO transmission will hereinafter be
described in detail.

Embodiment 5-A

In accordance with Embodiment 5-A, in association with
UL MCW transmission, ACK/NACK information received
through a PHICH is combined with control information
received through a PDCCH so that it can be determined
whether the UE will perform retransmission or new data
transmission.

It is assumed that a PHICH can indicate ACK/NACK
states for each TB (or CW). That is, multiple PHICHs can
be provided to multiple TBs (or CWs), or one PHICH can
provide an ACK/NACK state for each TB (or CW) through
multiple states (See Embodiments 1-A and 1-B).

Control information provided through a PDCCH may
include a new data indicator (NDI). In this case, in associa-
tion with transmission of 2 TBs (or 2 CWs), an ACK/NACK
state indicated by a PHICH is combined with an NDI state
through a PDCCH, so that the UE operation can be deter-
mined according to the combination result. Alternatively,
another field instead of an NDI of a PDCCH, may also be
used as necessary.

The UE may receive a PHICH at a predetermined time
(for example, after lapse of four subframes) upon comple-
tion of UL 2CW transmission, may receive a PDCCH while
simultaneously receiving a PHICH, or may receive a
PDCCH at a specific time after PHICH reception.

In this case, the UE operation can be represented by the
following equation 13.

TABLE 13

PHICH

ACK/NACK PDCCH

state seen by the UE  UE Behavior
1% ACK or New transmission New transmission according to
CcwW NACK PDCCH

ACK or Retransmission Retransmission according to

NACK PDCCH

(adaptive retransmission)

ond ACK or New transmission New transmission according to
CcwW NACK PDCCH

ACK or Retransmission Retransmission according to

NACK PDCCH

(adaptive retransmission)

If the UE can view PDCCH control information, the
HARQ operation to be performed by the UE can be desig-
nated by PDCCH indication. If a PDCCH indicates new data
transmission of a certain TB (or CW) (for example, if an
NDI value is toggled), the UE may empty the HARQ buffer
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and may attempt new data transmission. In other words, if
retransmission or new transmission of each TB (or CW) is
indicated through a PDCCH, the HARQ operation can be
performed according to PDCCH indication without consid-
ering ACK/NACK states for each TB (or CW) indicated by
a PHICH.

Hereinafter, an exemplary case in which only one of two
TBs (or two CWs) is transmitted and the other one TB (or
CW) is not transmitted (or if a null signal is transmitted)
according to the embodiments of the present invention will
be described in detail.

By combining an ACK/NACK state of each TB (or CW)
indicated by a PHICH with a predetermined indicator (for
example, NDI) indicating retransmission or new transmis-
sion of each TB (or CW), it is possible to inform the UE of
which TB (or CW) is not transmitted.

For example, a TB (or CW) indicating ACK through a
PHICH may indicate that retransmission is not performed.
In this case, if an indicator (e.g., NDI) contained in a
PDCCH does not indicate new transmission of the corre-
sponding TB (or CW) (for example, if NDI is not toggled),
the corresponding TB (or CW) is not transmitted. That is, the
corresponding TB (or CW) is disabled. Alternatively, if an
indicator (e.g., NDI) contained in a PDCCH indicates new
transmission of the corresponding TB (or CW) (for example,
if NDI is toggled), new data transmission of the correspond-
ing TB (or CW) is performed.

In the meantime, a TB (or CW) indicated by NACK
through a PHICH indicates execution of retransmission. In
this case, if an indicator (e.g., NDI) contained in a PDCCH
does not indicate new transmission of the corresponding TB
(or CW) (that is, if NDI is not toggled), retransmission of the
corresponding TB (or CW) can be performed.

In association with a TB (or CW) indicated by NACK
through a PHICH, if an indicator (e.g., NDI) contained in a
PDCCH indicates new transmission (e.g., if NDI is toggled),
there occurs ambiguity as to whether retransmission or new
data transmission is performed. Under this situation, no
transmission of the corresponding TB (or CW) may be
established (that is, the corresponding TB (or CW) is dis-
abled). Alternatively, new data may be transmitted at the
corresponding TB (or CW) on the basis of a PDCCH
indicator.

In brief, the UE operation determined by a combination of
PHICH information of one TB (or CW) with PDCCH
information can be represented by the following tables 14
and 15.

TABLE 14
PHICH
ACK/NACK
state PDCCH indicator state UE Behavior
1 CW ACK New-Transmission X  No transmission
or ew-Transmission ew data transmission
27 ACK New-T: ission O New d: issi
CW) NACK New-Transmission X  Re-transmission
NACK New-Transmission O  No transmission
TABLE 15
PHICH
ACK/NACK
state PDCCH indicator state UE Behavior
19 CW ACK New-Transmission X  No transmission
or ew-Transmission ew data transmission
ond ACK New-T! ission O New d issi
CW) NACK New-Transmission X  Re-transmission
NACK New-Transmission O  New data transmission
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Embodiment 5-B

In accordance with Embodiment 5-B, in association with
UL MCW transmission, ACK/NACK information through a
single PHICH is combined with control information through
a PDCCH so that it can be determined whether the UE will
perform retransmission or new data transmission.

In this case, it is assumed that only one of an ACK state
and a NACK state for multiple TBs (or CW5s) is indicated
through a single PHICH (See Embodiment 1-C). For
example, an ACK/NACK signal for multiple TBs (or CWs)
can be represented by 1 bit on a single PHICH. If two TBs
(or two CWs) are successfully decoded, ACK can be indi-
cated. If at least one of two TBs (or two CWs) fails to
decode, NACK can be indicated.

If a single PHICH is transmitted as described above, the
UE operation depending upon an ACK/NACK state indi-
cated by a PHICH can be represented by the following table
16.

TABLE 16

1% and 2"¢ CW Behavior

ACK 15 CW: Non-(Re)transmission

(PDCCH is required to resume retransmission)
274 CW: Non-(Re)transmission

(PDCCH is required to resume retransmission)
15 CW: Retransmission (Non-adaptive)

274 CW: Retransmission (Non-adaptive)

NACK

With reference to Table 16, in association with two TBs
(or two CWs), if a PHICH indicates the ACK state, two TBs
(or two CWs) are not transmitted at all, and UL scheduling
caused by a PDCCH is required for retransmission. In the
meantime, in association with two TBs (or two CWs), if a
PHICH indicates a NACK state, non-adaptive retransmis-
sion of all the TBs (or CWs) can be performed.

If control information provided through a PDCCH may
include an NDI, the UE operation for transmission of 2 TBs
(or 2 CWs) can be determined by combining an ACK/
NACK state indicated by a PHICH with an NDI state
obtained through a PDCCH. Alternatively, another field
instead of an NDI of a PDCCH may be used as necessary.

The UE may receive a PHICH at a predetermined time
(for example, after lapse of four subframes) upon comple-
tion of UL 2CW transmission, may receive a PDCCH while
simultaneously receiving a PHICH, or may receive a
PDCCH at a specific time after PHICH reception. In this
case, one PHICH may indicate an ACK or NACK state of
two TBs (or two CWs), and an indicator for each TB (or
CW) may be contained in a PDCCH. In this case, the UE
operation can be represented by the following table 17.

TABLE 17
PHICH
ACK/NACK PDCCH
state seen by the UE  UE Behavior
1% ACK New transmission New transmission according to
CcwW PDCCH
and ACK Retransmission Retransmission according to
2md PDCCH
CW (adaptive retransmission)
NACK New transmission New transmission according to
PDCCH
NACK Retransmission Retransmission according to
PDCCH

(adaptive retransmission)
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If the UE can view PDCCH control information, the
HARQ operation to be performed by the UE can be desig-
nated by PDCCH indication. If a PDCCH indicates new data
transmission of a certain TB (or CW) (for example, if an
NDI value is toggled), the UE may empty the HARQ buffer
and may attempt new data transmission. In other words, if
retransmission or new transmission of each TB (or CW) is
indicated through a PDCCH, the HARQ operation can be
performed according to PDCCH indication without consid-
ering ACK/NACK states for two TBs (or two CWs) indi-
cated by a single PHICH.

Hereinafter, an exemplary case in which an ACK or
NACK state for two TBs (or two CWs) is indicated through
a single PHICH under the condition that the UE detects a
PDCCH according to the present invention will be described
in detail.

Retransmission or new data transmission of the UE for
each TB (or CW) can be determined by combining a single
PHICH ACK/NACK state with a predetermined indicator
(for example, NDI) indicating retransmission or new data
transmission for each TB (or CW) contained in a PDCCH.
Detailed examples will hereinafter be described with refer-
ence to the following tables 18 and 19.

TABLE 18
PHICH
ACK/NACK Indicator for Indicator for
state 1st CW 2nd CW Behavior
ACK New New New data transmission
transmission transmission
ACK New Retransmission 1st CW: New data
transmission transmission
2nd CW: Retransmission
ACK Retransmission New 1st CW: Retransmission
transmission 2nd CW: New data
transmission
NACK Retransmission Retransmission Retransmission

For example, an indicator shown in Table 18 may be an
NDI contained in a UL grant PDCCH. As can be seen from
Table 18, if an ACK state is received through a single
PHICH and new transmission is indicated through a PDCCH
indicator, it is possible to attempt new transmission of each
TB (or CW). Alternatively, if an ACK or NACK state is
received through a single PHICH and retransmission is
indicated through a PDCCH indicator, it is possible to
attempt retransmission of each TB (or CW). In this case, if
an indicator indicating new transmission or retransmission
of two TBs (or two CWs) exists, new transmission or
retransmission for each TB (or CW) can be independently
performed. That is, new transmission or retransmission for
one TB (or CW) can be performed irrespective of new
transmission or retransmission of a different TB (or CW).

TABLE 19
PHICH
ACK/NACK Indicator for Indicator for
state 1st CW 2nd CW Behavior
ACK New New New data transmission
transmission transmission
NACK New Retransmission 1st CW: New data
transmission transmission
2nd CW: Retransmission
NACK Retransmission New 1st CW: Retransmission
transmission 2nd CW: New data
transmission
NACK Retransmission Retransmission Retransmission
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For example, an indicator shown in Table 19 may be an
NDI contained in a UL grant PDCCH. As can be seen from
Table 19, if an ACK state is received through a single
PHICH and new transmission is indicated through a PDCCH
indicator, it is possible to attempt new transmission of each
TB (or CW). Alternatively, if an ACK or NACK state is
received through a single PHICH and retransmission is
indicated through a PDCCH indicator, it is possible to
attempt retransmission of each TB (or CW). In this case, if
an indicator indicating new transmission or retransmission
of two TBs (or two CWs) exists, new transmission or
retransmission for each TB (or CW) can be independently
performed. That is, new transmission or retransmission for
one TB (or CW) can be performed irrespective of new
transmission or retransmission of a different TB (or CW).

Embodiment 5-C

In accordance with Embodiment 5-C, if a single PHICH
for UL MCW transmission is transmitted (for example, if
two TBs (or two CWs) are successfully decoded, ACK is
transmitted, and if decoding of at least one of two TBs (or
two CWs) fails, NACK is transmitted), the retransmission
operation for ACK/NACK states indicated by a PHICH can
be defined as shown in Table 16. In this case, the order of
layers mapped to two TBs (or two CWs) may be exchanged
or swapped. For example, the CW-to-layer mapping swap
can be defined as shown in Table 20.

TABLE 20

First codeword Second codeword

First transmission First layer Second layer
Second transmission Second layer First layer
Third transmission First layer Second layer
Fourth transmission Second layer First layer

If the layers to which the codewords are mapped are
swapped upon retransmission, a codeword decoding success
rate can be increased. For example, if a first codeword is
transmitted via a first layer and a second codeword is
transmitted via a second layer upon first transmission, the
channel state of the first layer may be better than that of the
second layer and thus the first codeword may be successfully
decoded, but decoding of the second codeword may fail. In
this case, if codeword-to-layer mapping is not swapped upon
retransmission, the second codeword is retransmitted via the
second layer having a worse channel state and thus decoding
of the second codeword may fail. In contrast, if codeword-
to-layer mapping is swapped upon retransmission, the sec-
ond codeword is transmitted via the first layer having a
better channel state and a decoding success rate of the
second codeword can be increased.

6. DCI Configuration for HARQ Operation in UL MCW
Transmission

In a conventional 3GPP LTE system, a single codeword is
transmitted in uplink transmission and uplink scheduling
information thereof may be given via a PDCCH having DCI
format 0. The existing DCI format 0 may be defined as
shown in Table 21.

TABLE 21

Contents Number of bits

1 bit
1 bit

Flag for format O/format 1A differentiation
Hopping flag
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TABLE 21-continued

Contents Number of bits
Resource block assignment and hopping resource N bits
allocation

Modulation and coding scheme and redundancy version 5 bits
New data indicator 1 bit
TPC command for scheduled PUSCH 2 bits
Cyeclic shift for DMRS 3 bits
UL index (for TDD) 2 bits
Downlink Assignment Index (for TDD) 2 bits
CQI request 1 bit

In DCI format 0, a “Flag for format 0/format 1A differ-
entiation” field is a field for differentiating between DCI
format 0 and DCI format 1A. Since DCI format 1A is a DCI
format for scheduling downlink transmission and has the
same payload size as DCI format 0, a field for differentiating
between DCI format 0 and DCI format 1A is included while
DCI format 0 and DCI format 1A have the same format. The
“Flag for format O/format 1A differentiation” field having a
value of 0 indicates DCI format 0 and the “Flag for format
O/format 1A differentiation” field having a value of 1 indi-
cates DCI format 1A.

A “Hopping flag” (frequency hopping flag) field indicates
whether PUSCH frequency hopping is applied. The “Hop-
ping flag” field having a value of 0 indicates that PUSCH
frequency hopping is not applied and the “Hopping flag”
field having a value of 1 indicates that PUSCH frequency
hopping is applied.

A “Resource block assignment and hopping resource
allocation” field indicates resource block assignment infor-
mation of an uplink subframe depending on whether
PUSCH frequency hopping is applied.

A “Modulation and coding scheme and redundancy ver-
sion” field indicates modulation order and a redundancy
version (RV) of a PUSCH. The RV indicates information
about which subpacket is retransmitted in case of retrans-
mission. Among 32 states represented by 5 bits, O to 28 may
be used to indicate modulation order and 29 to 31 may be
used to indicate RV indexes 1, 2 and 3.

A “New data indicator” field indicates whether uplink
scheduling information is for new data or retransmitted data.
If the value of this field is toggled from an NDI value of
previous transmission, this indicates that new data is trans-
mitted and, if the value of this field is not toggled from an
NDI value of previous transmission, this indicates that data
is retransmitted.

A “TPC command for scheduled PUSCH” field indicates
avalue for deciding transmit power of PUSCH transmission.

A “Cyclic shift for DMRS” field is a cyclic shift value
used to generate a sequence for a demodulation reference
signal (DMRS). The DMRS is a reference signal used to
estimate an uplink channel per antenna port or layer.

A “UL index (for TDD)” field may indicate a subframe
index set to uplink transmission in a specific uplink-down-
link configuration if a radio frame is configured using a time
division duplexing (TDD) scheme.

A “Downlink Assignment Index (for TDD)” field may
indicate a total number of subframes set to PDSCH trans-
mission in a specific uplink-downlink configuration if a
radio frame is configured using a TDD scheme.

A “channel quality indicator (CQI) request” field indicates
a request for reporting aperiodic channel quality information
(CQI), a precoding matrix indicator (PMI) and a rank
indicator (RI) using a PUSCH. If the “CQI request” field is
set to 1, a UE transmits a report for aperiodic CQI, PMI and
RI using a PUSCH.

10

15

20

25

30

35

40

45

50

55

60

65

42

Meanwhile, a PDCCH of DCI format 2 for scheduling
transmission of multiple downlink codewords may include
control information shown in Table 22.

TABLE 22

Contents Number of bits

Resource allocation header (resource 1 bit

allocation type O/type 1)

Resource block assignment and hopping N bits
resource allocation
TPC command for PUCCH 2 bits
Downlink Assignment Index (for TDD) 2 bits
HARQ process number 3 bits (FDD), 4 bits (TDD)
Transport block to codeword swap flag 1 bit
For 1¥ codeword Modulation and 5 bits
coding scheme
New data indicator 1 bit
Redundancy version 2 bits
For 2" codeword Modulation and 5 bits
coding scheme
New data indicator 1 bit
Redundancy version 2 bits
Precoding information 3 bits
(2 transmit antennas at eNode-B)
6 bits

(4 transmit antennas at eNode-B)

In DCI format 2, a “Resource allocation header (resource
allocation type O/type 1)” field having a value of 0 indicates
resource allocation of Type 0 and a “Resource allocation
header (resource allocation type O/type 1)” field having a
value of 1 indicates resource allocation of Type 1. Resource
allocation of Type 0 may indicate that resource block groups
(RBGs) allocated to a scheduled UE are a set of contiguous
physical resource blocks (PRBs). Resource allocation of
Type 1 may indicate physical resource blocks allocated to a
scheduled UE in a set of physical resource blocks of one
RBG selected from a subset of a predetermined number of
RBGs.

A “Resource block assignment™ field indicates a resource
block allocated to a scheduled UE according to resource
assignment of Type O or Type 1.

A “TPC command for PUCCH?” field indicates a value for
deciding transmit power of PUCCH transmission.

A “Downlink Assignment Index (for TDD)” field may
indicate a total number of subframes set to PDSCH trans-
mission in a specific uplink-downlink configuration if a
radio frame is configured using a TDD scheme.

A “HARQ process number” field may indicate which of
a plurality of HARQ processes managed by a HARQ entity
is used for transmission.

A “Transport block to codeword swap flag” field indicates
a transport block-to-codeword mapping relationship if two
transport blocks are enabled. If the “Transport block to
codeword swap flag” field has a value of 0, this indicates that
a transport block 1 is mapped to a codeword 0 and a
transport block 2 is mapped to a codeword 1, and, if the
“Transport block to codeword swap flag” field has a value of
1, this indicates that a transport block 2 is mapped to a
codeword 0 and a transport block 1 is mapped to a codeword
1.

In DCI format 2, a “Modulation and coding scheme™ field,
a “New data indicator” field and a “redundancy version”
field are defined with respect to a first codeword and a
second codeword. The “Modulation and coding scheme”
field indicates a modulation order of a PUSCH. The “New
data indicator” field indicates whether downlink scheduling
information is new data or retransmitted data. The “Redun-
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dancy version” field indicates information about which
subpacket is retransmitted in case of retransmission.

A “precoding information” field may indicate a codebook
index for precoding of downlink transmission. If a BS
includes two transmit antennas, 3 bits are necessary to
indicate codebook indexes of Rank 1 and Rank 2 and six bits
are necessary to indicate codebook indexes of Ranks 1, 2, 3
and 4.

As described above with reference to Tables 21 and 22, in
the existing 3GPP LTE system, DCI format 0 for transmis-
sion of a single uplink codeword and DCI format 2 for
transmission of multiple downlink codewords are defined
and a PDCCH DCI format for transmission of multiple
uplink codewords is not defined.

In the present invention, examples of a new DCI format
for transmission of multiple uplink codewords (uplink grant
via a PDCCH) are proposed as shown in Tables 23, 24 and
25.

TABLE 23
Contents Number of bits
Hag for formatO/format- 1A bt

L L
Hopping flag 1 bit
Resource block assignment and hopping N bits
resource allocation
New-data-mdieator +-bit
TPC command for scheduled PUSCH 2 bits
Cyeclic shift for DMRS 3 bits
UL index (for TDD) 2 bits
Downlink Assignment Index (for TDD) 2 bits
CQI request 1 bit
Resource allocation header (resource 1 bit
allocation type O/type 1)

Resoureeblock—assi +and-hoppin Nbits
TPC command for PUCCH 2 bits
Downlink Assignment Index (for TDD) 2 bits
Transport block to codeword swap flag 1 bit
For 1% codeword Modulation and 5 bits

coding scheme and
redundancyversion
New data indicator 1 bit
For 2™ codeword Modulation and 5 bits
coding scheme and
redundancyversion
New data indicator 1 bit
Precoding information 3 bits/N-bits
(2 transmit antennas
at eNode-B)
6 bits/N-bits
(4 transmit antennas
at eNode-B)

Table 23 shows an example of a new DCI format used to
schedule a PUSCH in a multiple antenna port transmission
mode in one uplink cell (or one component carrier). A DCI
format defined in Table 23 may be referred to as a format
index (e.g., DCI format 4) for differentiation from the
previously defined DCI format.

In Table 23, fields that have been struck through indicate
some fields which are not present in a PDCCH DCI format
for UL MCW transmission whereas they are present in DCI
format 0 (See Table 21) and DCI format 2 (See Table 22).
Underlined fields indicate fields added to DCI format 0 (See
Table 21) and DCI format 2 (Table 22).
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A “Hopping flag” (frequency hopping flag) field may
indicate whether PUSCH frequency hopping is applied. The
“Hopping flag” field may be defined if contiguous resource
assignment is applied to a PUSCH and may be omitted if
non-contiguous resource assignment is applied to a PUSCH.

A “Resource block assignment and hopping resource
allocation” field may indicate resource block assignment
information of an uplink subframe depending on whether
PUSCH frequency hopping is applied or single cluster
assignment or multiple cluster assignment is applied.

A “TPC command for scheduled PUSCH?” field indicates
avalue for deciding transmit power of PUSCH transmission.
The “TPC command for scheduled PUSCH” field may be
defined by 2 bits if an uplink transmitter (e.g., a UE)-specific
transmit power control (TPC) command is given. Alterna-
tively, if a TPC command is given with respect to each of a
plurality of antennas, the “TPC command for scheduled
PUSCH?” field may be defined by a bit size of 2 bitsxthe
number of antennas. A TPC command may be given with
respect to each of two codewords and, in this case, the “TPC
command for scheduled PUSCH” field may be defined by a
size of 4 bits.

A “Cyeclic shift for DMRS” field is a cyclic shift value
used to generate a sequence for a demodulation reference
signal (DMRS). The “Cyclic shift for DMRS” field may
include an orthogonal cover code (OCC) index used to
additionally generate a DMRS. A cyclic shift value of one
layer (or one antenna port) may be given by the “Cyclic shift
for DMRS” field. A cyclic shift value of another layer (or
another antenna port) may be computed from the cyclic shift
value given according to a predetermined rule based on the
above layer (or antenna port).

A “UL index (for TDD)” field may indicate a subframe
index set to uplink transmission in a specific uplink-down-
link configuration if a radio frame is configured using a time
division duplexing (TDD) scheme.

A “Downlink Assignment Index (for TDD)” field may
indicate a total number of subframes set to PDSCH trans-
mission in a specific uplink-downlink configuration if a
radio frame is configured using a TDD scheme.

A “channel quality information (CQI) request” field indi-
cates a request for reporting aperiodic CQI, a precoding
matrix indicator (PMI) and a rank indicator (RI) using a
PUSCH.

A “Resource allocation header (resource allocation type
O/type 1)” field may indicate resource allocation of Type 0
or Type 1. Type 0 may indicate contiguous resource alloca-
tion and Type 1 may indicate a variety of other forms of
resource allocation. For example, Type 1 may indicate
non-contiguous resource allocation. If a PUSCH resource
allocation scheme is indicated via explicit or implicit sig-
naling, the “Resource allocation header (resource allocation
type O/type 1)” field may be omitted.

A “TPC command for PUCCH” field may indicate a value
for deciding transmit power of PUCCH transmission and
may be omitted in some cases.

A “Transport block to codeword swap flag” field indicates
a transport block-to-codeword mapping relationship if two
transport blocks are enabled. If the “Transport block to
codeword swap flag” field has a value of 0, this indicates that
a transport block 1 is mapped to a codeword 0 and a
transport block 2 is mapped to a codeword 1, and, if the
“Transport block to codeword swap flag” field has a value of
1, this indicates that a transport block 2 is mapped to a
codeword 0 and a transport block 1 is mapped to a codeword
1. If one of the two codewords is disabled, the “Transport
block to codeword swap flag” field is reserved. Alterna-
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tively, if transport block to codeword swapping is not
supported, the “Transport block to codeword swap flag”
field may be omitted.

A “Modulation and coding scheme” and a “new data
indicator” field may be defined with respect to two code-
words (or transport blocks).

A “Modulation and coding scheme” field indicates a
modulation order of each codeword (or each transport
block). Some bit states of the “Modulation and coding
scheme” field may be used to indicate RV information of
each codeword (or each transport block). The RV may
indicate information about which subpacket is retransmitted
in case of retransmission of each codeword (or each trans-
port block).

A “New data indicator” field indicates whether uplink
scheduling information of each codeword (or each transport
block) is new data or retransmitted data. If the value of this
field is toggled from an NDI value of previous transmission
of the codeword (or the transport block), this indicates that
new data is transmitted and, if the value of this field is not
toggled from an NDI value of previous transmission of the
codeword (or the transport block), this indicates that data is
retransmitted.

A “precoding information” field may indicate a codebook
index for precoding of downlink transmission. If an uplink
transmitter (e.g., a UE) includes two transmit antennas, the
“precoding information” field may be defined by 3 bits in
order to indicate codebook indexes of Rank 1 and Rank 2
and, if an uplink transmitter (e.g., a UE) includes four
transmit antennas, the “precoding information” field may be
defined by 6 bits in order to indicate codebook indexes of
Rank 1, 2, 3 and 4.

Table 24 shows another example of a new DCI format
used to schedule a PUSCH in a multiple antenna port
transmission mode in one uplink cell (or one component
carrier). A DCI format defined in Table 24 may be referred
to as a format index (e.g., DCI format 4) for differentiation
from the previously defined DCI format.

TABLE 24

Contents Number of bits

Resource allocation header (resource 1 bit
allocation type O/type 1)

Hopping flag 1 bit

Resource block assignment and hopping N bits
resource allocation
TPC command for scheduled PUSCH 2 bits
Cyeclic shift for DMRS 3 bits + N(0~3) bits
BTPC command for PUCCH 2 bits
Transport block to codeword swap flag 1 bit
For 1% codeword Modulation and 5 bits

coding scheme and

redundancy version

New data indicator 1 bit
For 2" Modulation and 5 bits
codeword coding scheme and

redundancy version

New data indicator 1 bit
Precoding information 3 bits/N-bits

(2 transmit antennas at eNode-B)
6 bits/N-bits

(4 transmit antennas at eNode-B)

CQI request 1 bit

UL index (for TDD) 2 bits
Downlink Assignment Index (for TDD) 2 bits
Downlink Assignment Index (for TDD) 2 bits

Among the fields defined in the DCI format of Table 24,
a description of the same fields as those of the DCI format
of Table 23 will be omitted for clarity of description.
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In the DCI format of Table 24, a “Cyclic shift for DMRS”
field may indicate a cyclic shift value used to generate a
sequence for an uplink DMRS. The “Cyclic shift for
DMRS” field may include an OCC index used to addition-
ally generate a DMRS. Through the “Cyclic shift for
DMRS?” field, cyclic shift values of a plurality of layers (or
antenna ports) may be explicitly given. For example, one
cyclic shift value may be represented by 3 bits and the
“Cyclic shift for DMRS” field may be defined by a size of
12 bits in order to indicate the respective cyclic shift values
of four layers (or four antenna ports).

The remaining fields of the DCI format of Table 24 are
equal to those of the DCI format of Table 23.

Table 25 shows another example of a new DCI format
used to schedule a PUSCH in a multiple antenna port
transmission mode in one uplink cell (or one component
carrier). A DCI format defined in Table 25 may be referred
to as a format index (e.g., DCI format 4) for differentiation
from the previously defined DCI format.

TABLE 25

Contents Number of bits

Resource allocation header (resource 1 bit
allocation type O/type 1)

Hopping flag 1 bit

Resource block assignment and hopping N bits
resource allocation
TPC command for scheduled PUSCH 2 bits
Cyclic shift for DMRS 3 bits + N(0~3) bits
TPC command for PUCCH 2 bits
New data indicator 1 bit
Transport block to codeword swap flag 1 bit
Modulation and coding scheme and 5 bits
redundancy version for 1% codeword
Modulation and coding scheme and 5 bits
redundancy version for 2*¢ codeword
Precoding information 3 bits/N-bits
(2 transmit antennas at eNode-B)
6 bits/N-bits

(4 transmit antennas at eNode-B)

CQI request 1 bit

UL index (for TDD) 2 bits
Downlink Assignment Index (for TDD) 2 bits
Downlink Assignment Index (for TDD) 2 bits

Among the fields defined in the DCI format of Table 25,
a description of the same fields as those of the DCI format
of Table 23 will be omitted for clarity of description.

In the DCI format of Table 25, a “Cyclic shift for DMRS”
field may indicate a cyclic shift value used to generate a
sequence for an uplink DMRS. The “Cyclic shift for
DMRS” field may include an OCC index used to addition-
ally generate a DMRS. By the “Cyclic shift for DMRS”
field, cyclic shift values of 2 layers (or 2 antenna ports) may
be explicitly given. For example, one cyclic shift value may
be represented by 3 bits and the “Cyclic shift for DMRS”
field may be defined by a size of 12 bits in order to indicate
the respective cyclic shift values of four layers (or four
antenna ports).

While the “New data indicator” fields of the codewords
are defined in the DCI format of Table 23 or 24, only one
“New data indicator” field may be defined with respect to
two codewords in the DCI format of Table 25. That is, two
codewords (or two transport blocks) are bundled to indicate
whether uplink scheduling information is for new data or
retransmitted data. If the value of this field is toggled from
an NDI value of previous transmission, the two codewords
(or two transport blocks) indicate new data transmission
and, if the value of this field is not toggled from an NDI
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value of previous transmission, the two codewords (or two
transport blocks) indicate retransmission.

The remaining fields of the DCI format of Table 25 are
equal to those of the DCI format of Table 9.

In the DCI formats of Tables 23, 24 and 25, a “Carrier
Indicator” field and a “Multi-cluster flag” field may be
additionally defined. The “Carrier Indicator” field may indi-
cate which uplink cell (or component carrier) is used to
schedule MCW PUSCH transmission if one or more uplink
cells (or one or more component carriers) are present, and
may be represented by 0 or 3 bits. The “Multi-cluster flag”
field may indicate whether multi-cluster allocation is applied
in terms of uplink resource allocation.

FIG. 10 is a flowchart illustrating uplink MIMO trans-
mission and reception methods according to embodiments of
the present invention.

Referring to FIG. 10, a BS can transmit a UL grant
PDCCH to a UE in step S1010. The UL grant PDCCH may
include control information based on a DCI format sched-
uling transmission of multiple data blocks (i.e., multiple
TBs).

The UE can transmit multiple TBs scheduled according to
the UL grant PDCCH to the BS.

In step S1030, the BS may attempt to decode each of the
received TBs, such that it can transmit ACK/NACK infor-
mation of each TB to the UE through a PHICH.

The UE can retransmit a TB indicating NACK to the BS
in step S1040. In step S1040, if the number of NACK TBs
is not identical to the number of TBs indicated by a PDCCH
of step S1010, a precoding matrix for the same number of
transmission (Tx) layers as the number of layers correspond-
ing to a NACK TB can be utilized in retransmission. That is,
when retransmission of NACK TB is performed at step
S1040 on the condition that the number of TBs indicated by
a PDCCH is 2 and the number of NACK TBs is 1, one case
in which the number of layers mapped to a codeword (i.e.,
one CW) mapped to NACK TBs is 1 may occur or another
case in which the number of layers mapped to a codeword
mapped to NACK TBs is 2 may occur. In this case, if the
number of layers mapped to NACK TBs (or NACK CWs)
is 1, a specific precoder from among precoders defined for
one transmission (Tx) layer (i.e., Rank=1) can be used in
retransmission. Alternatively, if the number of layers
mapped to NACK TBs (or NACK CWs) is 2, a specific
precoder from among precoders defined for two Tx layers
(i.e., Rank=2) can be used in retransmission.

Here, retransmission of step S1040 may be performed
when a PDCCH is not detected in a DL subframe (i.e.,
subframe of step S1030) through which the UE detects a
PHICH. That is, if the HARQ operation is performed by
ACK/NACK information indicated by a PHICH without
using the UL grant PDCCH, the above-mentioned retrans-
mission can be carried out.

In association with a precoding matrix used for retrans-
mission, a precoder suitable for the number of Tx layers used
in the above retransmission, from among precoding matrices
indicated by the most recent PDCCH, can be used. In more
detail, a precoding matrix, that is suitable for the number of
layers mapped to retransmitted TBs (or CWs) from among
the precoding matrices indicated by the most recent
PDCCH, can be used for retransmission.

In addition, ACK/NACK information of each TB can be
indicated through multiple PHICH resources. That is, one
PHICH resource may be allocated to one TB.

In association with the UL MIMO transmission and
reception method as shown in FIG. 10, the contents
described in the above-mentioned embodiments may be
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used independently of each other or two or more embodi-
ments may be simultaneously applied, and the same parts
may be omitted herein for convenience and clarity of
description.

In addition, the principles of the present invention may
also be applied to the UL MIMO transmission and reception
according to the present invention in association with not
only MIMO transmission between a base station (BS) and a
relay node (RN) (for use in a backhaul uplink and a backhaul
downlink) but also MIMO transmission between an RN and
a UE (for use in an access uplink and an access downlink).

FIG. 11 is a block diagram of an eNB apparatus and a UE
apparatus according to an embodiment of the present inven-
tion.

Referring to FIG. 11, an eNB apparatus 1110 may include
a reception (Rx) module 1111, a transmission (Tx) module
1112, a processor 1113, a memory 1114, and a plurality of
antennas 1115. The plurality of antennas 1115 may be
contained in the eNB apparatus supporting MIMO transmis-
sion and reception. The reception (Rx) module 1111 may
receive a variety of signals, data and information on uplink
starting from the UE. The transmission (Tx) module 1112
may transmit a variety of signals, data and information on
downlink for the UE. The processor 1113 may provide
overall control to the eNB apparatus 1110.

The eNB apparatus 1110 according to one embodiment of
the present invention may be constructed to transmit control
information of UL MIMO transmission. The processor 1113
of the eNB apparatus 1110 may enable the Tx module 1112
to transmit a DCI scheduling UL transmission of a plurality
of TBs to a UE over a PDCCH. In addition, the processor
1113 may enable the Rx module 1111 to receive a plurality
of TBs scheduled by DCI from a UE. In addition, the
processor 1113 may enable the Tx module 1112 to transmit
ACK or NACK indication information of each reception TB
to the UE over a PHICH. In addition, the processor 1113
may enable the Rx module 1111 to receive retransmission
information of a NACK TB from the UE. In this case, if the
number of NACK TBs is not identical to the number of TBs
indicated by a PDCCH, a precoding matrix for the same
number of Tx layers as the number of layers corresponding
to NACK TB can be used in retransmission.

The processor 1113 of the eNB apparatus 1110 processes
information received at the eNB apparatus 1110 and trans-
mission information. The memory 1114 may store the pro-
cessed information for a predetermined time. The memory
1114 may be replaced with a component such as a buffer (not
shown).

Referring to FIG. 11, a UE apparatus 1120 may include a
reception (Rx) module 1121, a transmission (Tx) module
1122, a processor 1123, a memory 1124, and a plurality of
antennas 1125. The plurality of antennas 1125 may be
contained in the UE apparatus supporting MIMO transmis-
sion and reception. The reception (Rx) module 1121 may
receive a variety of signals, data and information on down-
link starting from the eNB. The transmission (Tx) module
1122 may transmit a variety of signals, data and information
on uplink for the eNB. The processor 1123 may provide
overall control to the UE apparatus 1120.

The UE apparatus 1120 according to one embodiment of
the present invention may be constructed to perform UL
MIMO transmission. The processor 1123 of the UE appa-
ratus 1120 may enable the Rx module 1121 to receive a DCI
scheduling UL transmission of a plurality of TBs from a UE
over a PDCCH. In addition, the processor 1123 may enable
the Tx module 1122 to transmit a plurality of TBs scheduled
by DCI to the eNB. In addition, the processor 1123 may
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enable the Rx module 1121 to receive ACK or NACK
indication information of each reception TB from the eNB
over a PHICH. In addition, the processor 1123 may enable
the Tx module 1122 to transmit retransmission information
of a NACK TB to the eNB. In this case, if the number of
NACK TBs is not identical to the number of TBs indicated
by a PDCCH, a precoding matrix for the same number of Tx
layers as the number of layers corresponding to NACK TB
can be used in retransmission.

The processor 1123 of the UE apparatus 1120 processes
information received at the UE apparatus 1120 and trans-
mission information. The memory 1124 may store the pro-
cessed information for a predetermined time. The memory
1124 may be replaced with a component such as a buffer (not
shown).

The specific configurations of the above eNB and UE
apparatuses may be implemented such that the various
embodiments of the present invention are performed inde-
pendently or two or more embodiments of the present
invention are performed simultaneously. Redundant matters
will not be described herein for clarity.

The eNB apparatus 1110 shown in FIG. 11 may also be
applied to a relay node (RN) acting as a DL transmission
entity or UL reception entity, and the UE apparatus 1120
shown in FIG. 11 may also be applied to a relay node (RN)
acting as a DL reception entity or UL transmission entity.

The above-described embodiments of the present inven-
tion can be implemented by a variety of means, for example,
hardware, firmware, software, or a combination of them.

In the case of implementing the present invention by
hardware, the present invention can be implemented with
application specific integrated circuits (ASICs), Digital sig-
nal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field pro-
grammable gate arrays (FPGAs), a processor, a controller, a
microcontroller, a microprocessor, etc.

If operations or functions of the present invention are
implemented by firmware or software, the present invention
can be implemented in the form of a variety of formats, for
example, modules, procedures, functions, etc. The software
codes may be stored in a memory unit so that it can be driven
by a processor. The memory unit is located inside or outside
of the processor, so that it can communicate with the
aforementioned processor via a variety of well-known parts.

The detailed description of the exemplary embodiments
of the present invention has been given to enable those
skilled in the art to implement and practice the invention.
Although the invention has been described with reference to
the exemplary embodiments, those skilled in the art will
appreciate that various modifications and variations can be
made in the present invention without departing from the
spirit or scope of the invention described in the appended
claims. For example, those skilled in the art may use each
construction described in the above embodiments in com-
bination with each other. Accordingly, the invention should
not be limited to the specific embodiments described herein,
but should be accorded the broadest scope consistent with
the principles and novel features disclosed herein.

Those skilled in the art will appreciate that the present
invention may be carried out in other specific ways than
those set forth herein without departing from the spirit and
essential characteristics of the present invention. The above
exemplary embodiments are therefore to be construed in all
aspects as illustrative and not restrictive. The scope of the
invention should be determined by the appended claims and
their legal equivalents, not by the above description, and all
changes coming within the meaning and equivalency range

15

30

40

45

50

55

50

of the appended claims are intended to be embraced therein.
Also, it will be obvious to those skilled in the art that claims
that are not explicitly cited in the appended claims may be
presented in combination as an exemplary embodiment of
the present invention or included as a new claim by subse-
quent amendment after the application is filed.

INDUSTRIAL APPLICABILITY

The embodiments of the present invention are applicable
to a variety of mobile communication systems.

The invention claimed is:

1. A method by a base station (BS) for receiving an uplink
(UL) Multiple Input Multiple Output (MIMO) retransmis-
sion, the method comprising:

receiving a retransmission of at least one negatively-

acknowledged transport block (TB) from a user equip-
ment (UE),

wherein, if downlink control information for the retrans-

mission has not been previously transmitted by the BS
to the UE and if'a number of the at least one negatively-
acknowledged TB is different from a number of TBs as
indicated by a most recently transmitted downlink
control information, a predetermined precoding matrix
is used in the retransmission, and

wherein a number of transmission layers for the prede-

termined precoding matrix is equal to a number of
transmission layers corresponding to the negatively-
acknowledged TB.
2. The method according to claim 1, wherein the nega-
tively-acknowledged TB is indicated by a physical hybrid-
automatic repeat request indicator channel (PHICH).
3. The method according to claim 2, wherein a subframe
in which the retransmission by the UE is performed corre-
sponds to subframe index n+4 if a subframe in which the UE
receives the PHICH corresponds to subframe index n, where
n is an integer and n=0.
4. A method by a user equipment (UE) for performing
uplink (UL) Multiple Input Multiple Output (MIMO)
retransmission, the method comprising:
performing, by the UE, a retransmission of at least one
negatively-acknowledged transport block (TB) to a
Base Station (BS),

wherein, if downlink control information from the BS for
the retransmission is not detected by the UE and if a
number of the at least one negatively-acknowledged
TB is different from a number of TBs as indicated by
a most recently received downlink control information,
apredetermined precoding matrix is used in the retrans-
mission, and

wherein a number of transmission layers for the prede-

termined precoding matrix is equal to a number of
transmission layers corresponding to the negatively-
acknowledged TB.

5. The method according to claim 4, wherein the nega-
tively-acknowledged TB is indicated by a physical hybrid-
automatic repeat request indicator channel (PHICH).

6. The method according to claim 5, wherein a subframe
in which the retransmission is performed corresponds to
subframe index n+4 if a subframe in which the UE receives
the PHICH corresponds to subframe index n, where n is an
integer and nz=0.

7. A base station (BS) for transmitting control information
for uplink (UL) Multiple Input Multiple Output (MIMO)
transmission, the BS comprising:

a reception module;

a transmission module; and
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a processor,
wherein the processor is configured to:
receive, from a user equipment (UE), a retransmission
of at least one negatively-acknowledged transport
block (TB),
wherein, if downlink control information for the
retransmission has not been previously transmitted
by the BS to the UE and if a number of the at least
one negatively-acknowledged TB is different from a
number of TBs as indicated by a most recently
transmitted downlink control information, a prede-
termined precoding matrix is used in the retransmis-
sion, and
wherein a number of transmission layers for the pre-

10

determined precoding matrix is equal to a number of 15

transmission layers corresponding to the negatively-
acknowledged TB.

8. The BS according to claim 7, wherein the negatively-
acknowledged TB is indicated by a physical hybrid-auto-
matic repeat request indicator channel (PHICH).

9. The BS according to claim 8, wherein a subframe in
which the retransmission by the UE is performed corre-
sponds to subframe index n+4 if a subframe in which the UE
receives the PHICH corresponds to subframe index n, where
n is an integer and n=0.

10. A user equipment (UE) for performing uplink (UL)
Multiple Input Multiple Output (MIMO) transmission, the
UE comprising:
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a reception module;

a transmission module; and

a processor,

wherein the processor is configured to:

perform a retransmission of at least one negatively-
acknowledged transport block (TB) to a Base Station
(BS),

wherein, if downlink control information from the BS
for the retransmission is not detected by the UE and
if a number of the at least one negatively-acknowl-
edged TB is different from a number of TBs as
indicated by the most recently received downlink
control information, a predetermined precoding
matrix is used in the retransmission, and

wherein a number of transmission layers for the pre-
determined precoding matrix is equal to a number of
transmission layers corresponding to the negatively-
acknowledged TB.

11. The UE according to claim 10, wherein the negatively-
acknowledged TB is indicated by a physical hybrid-auto-
matic repeat request indicator channel (PHICH).

12. The UE according to claim 11, wherein a subframe in
which the retransmission is performed corresponds to sub-
frame index n+4 if a subframe in which the UE receives the
PHICH corresponds to subframe index n, where n is an
integer and nz=0.



